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‘Aveling & Porter, Ltd., 


RocuesTER, Kent. 
and 72, Cawwon Street, Lonpor. 

STEAM ROLLERS. ROAD LOCOMOTIVES. 
STBAM CULTIVATING MACHINBRY. 
STEAM WAGONS. TRACTORS. 

OEBMENT-MAKING 1 MACHINERY. 6030 


A. (- Munrtord, L@ 


CULVER STREET WORKS, COLCHESTER, 
On ADMIRALTY AND Wark Orvice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FHED PUMPS. 

See Advertisement, — 33. 


ENT WATER-TUBE BOILE 
: AUTOMATIC PEED REGULATORS, 


And Auxili Machinery as supplied to the 
pi assg 2 ‘Admiralty. + 2179 
enry Butcher & Co., 
VALI ~ aND ~4, mead 
BNGINEERING, FOUNDRY & upraL TRADES: 
PLANT AND MACHINERY. 
63 amp 64, CHANOCBRY LANE, 
LONDON, W.C. 2. 
"Phone: Holborn 2295. 
Telegrams: Penetrancy, Holb., London. 
ranes.—Electric, Steam, 
weeesrese and HAND. 
eeaLL & 0 
GEORGE, RU BLL & OO., 
Motherwell, 1, near Glasgow. 
STEEL TANKS, PIPES, GASHOLDERS, ae. 


thos. Pi tt & Co., Limited, 
NGHAM. 
ax Sivadieneeen last week, page 112. 
Plenty and Gon, 
akufy Sate 





6391 





LTp., 











ank Locomotives. 
Specification and Workmanship equal to 
Main Line Locomotives. 


R. & W. HAWTHORN, LESLIE & CO., Lrp., 
Byetneers, NEWCASTLE-ON-TYNE. 6450 


he wep Railway 
neering Company, 
AN, GLA! iw. Lrp., 

London pecrdaze Victoria or S.W. 





MANUFACTURERS 
RAILWAY CARRIAGE, WAGO WAGON & TRAMWAY 
& AXLES. 


CARRIAGE & WAGON [TRONWOREK, also 
CAST-STEEBL AXLE BOXES. 6539 


Pp & W. Maclellan, Limited, 


CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 


RAILWAY CARRIAGES AND waeem, 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGRS, ROOFING, &£c. 


Chief Offices: 129, Trongate, Guas¢ow. Od 8547 
Registered Offices: 1084, Cannon 8t., London, B.C. 


Prwller, Horsey, Sons & Cassell, 
SPECIALISTS 
: in the 
SALE AND VALUATION 
PLANT AND MACHINERY 


al 
ENGINEBRING WORKS. 
133, HIGH HOLBORN, LONDON, W.O. 1. 


[= incible cible (jsuge Gj lasses. 


BUTTERWORTH BROS Lid. 














arrow & Co., Ltd., 


SHIPBUILDERBS AND ENGINEERS, 
GLASGOW. 


SPEEDS me ST TO 45 MILES AN HOUR. 
PADDLE OR SCREW STBEAMERS OF 
Excrprionat SHALLOW DRraveut. 
Repairs on Pacific Coast 
by. YARROWS, a Victoria, British 


SHIPBUILDERS, Sur B Rar axeces AND ENGINEERS. 


ohn ellamy, imited, 
oe apa F 
GENERAL CONSTRUCTIONAL BNGINEERS, 


Boilers, Tanks & Mooring Buoys 


Srais, Perro. Tans, Arm Receurvers, Steen 
Curmyeys, RiveTep STeaM Np VENTILATING PIPERS, 


1216 


Hoppers, Specrat Worx, Reparns oF aLt Krvps. 





(\ampbells & He. L 4 
Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up te 3 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 


“°¥f achts, Launches, or Barges, 


Built cn with Steam, Oil or Petrol 
Motors, ; or Machinery supplied. Od 3661 
VOSPBR & CO., Lep., ne STREET, PortsMOUTH 


Sod Me! S* Sf 


Ge g & FORGE 00. 


4547 











Q” FUBL APPLIANOBS. 


ive dail wees Arr, STzaM. 
For Boilers of all 
KERMODES EriSe. 
35, The Temple, Dale Street, 
- Liverpool ; and 
109, Fenchurch §St., London. 
Naval Outfits a Speciality. 


4078 





ocomotives Tank Engines| 7 


a and constructed 
MANNING, WARDLE AND COMPANY , LImrrep, 
gine Works, Leeds. Oa 
See their Illus, Advertisement, page 123, last week. 





MULTITUBULAR AND 

(Cochran OROSS-TUBB TYPES. 
Bowers. 

See page 101. 6456 





RAILWAY CARRIAGES, BLECTRIC CARS, &c. 


urst, AJ elson & (\o., FT td. 
H ha = fa nats * ane Pi 


“Gripoly” 


MACHINE BELTING 


FOR 
Drivizg 


Cenveying 


Fi levating 





Sotz MANUFACTURERS 


Levis & T'y lor, Ltd, 


[[tubes, Iron and Steel. 
Edwin Lewis & Sons, Ltd., 
__ Wolverhampton. —_ aus 


ITiubes and ieee 


Stewarts and L vas, Li. 


Glasgow and Birmingham. 





See Advertisement page 64. 


"| Rubber 


Belting 





MANUFACTURERS 


GUTTA PERCHA & RUBBER, LIMITED 
Toronto - - Canada. 6702 


C QO 9 CARBON | 





lants (proxipe 


for Chemical & Mineral “— Mécs. & Breweries. 
Reap & CampBaRit, Ltd., 100, Victoria St., London, 
5.W. Telegrams—** Valorem, London, 


CO? Prire fyrtincteurs 


for CO* Private Bldgs., Electric Rail 
Tre Batrisn Fire ApeiiaNcesCo.,Ltd.,1 00, Victoria 
St., London,8.W. Telegrams—‘ “Hionacia, tondon.” 


Rubber Stamps, Stencils, 
Steel Punches 


Brands, Wages Box Pay 
Checks, ks, Automatic Num caserere Oak Gahtes Oe 








” aad Ink, all Colours, in Steck. 
ASH RUBBER STAMP OO., Lep., 
19x, Constitution Hill, Birmingham. 
Telephone—Central 788. Telegrams—*' Sipasu.” 


G team Generating Sets for |) 
SALE :— 


anu "ad KEw., Willans-Mather & Platt, 220 volte or 
volts 
Two ah. Kw., bab wns garg 460/550 volts, D.C. 


ne Bl Capata pond nenestinaien D.C. 
motor. mas 


West Walle ne AE -Tyne. 


Builders of ocomotives, 


HEAVY snd LIGH@. 
All Geuges an and Types. 


wat “Pama fo. 


on i, Plnee, New York. 
3, London W li Bidgs., poten, Sagan 
onbie lo 4adtem Bearer. PELY, New Yorxk. 6560 
New Catalogue 12 A matied on application. 
R Y. Pickering & Co., Lid., 
° (HsTaBLISHED 1864.) 
BUILDERSof RAILWAYCARRIAGES & WAGONS. 


MAKERS of WHEHLS and AXLHS of all kinds. 
RAILWAY WAGONS FOR HIRE. 





60468 








Chief Works and Offices : 
WISHAW, near GLASGOW. 


General Prioz.,. 

Putt Ofece os 4 Cease} « INLAND cat: lid. 
Rey oyl le 8 Limited, 
AY aia BRS. IRLAM, MANCHESTER, ” 

CALORI BVAPORATORS, | Row's 
CONDINGHRS, » 0 Py HATING. Parewrs. 


BAM AS 
Merrill's Pym nin IN STRAI 


SYPHONIASTHAMTRE PS ea 
High clans GUNMRBTAL BaDUC Mi ves. 
. ATHR SOFTENING and FI . Bras 


Y atrow Patent 


ater-tube Boilers. 


Messrs. YARROW & DERT. 
PRESSING and MAUHINING of pp mye ny ms 


of Yarrow Boilers, such as the Steam Dru 
Pockets, and Superheaters for British and a Vain 


Firms not ha’ 
YARROW 2 Ob. the ncoomary fealitag,| 


Matthew pal & CO Ls 


Levenvorp Works, 6064 
See Fu Pull Page Advt,, pm apni 


Froraings. 


Walter Gomers & Co., Ltd., 


He4 W nehteon & Co 


See Advertisement page 48, April12. 2402 
(['aylor & (jhallen 


Presses. 
6105 


TAYLORA&CHALLBN, Lp., Engineers, Brnwinenam 
Bee Pall Page I Page Advertisement Apell 6th. oth, 


eae Railway 


G witches and 


CO rossings. 
T, SUMMBERSON & La LIMITED, 
DaRLINGTON 


ment. —Maxted & Knott, 
Cesveliinn Cement neers, ADVIBH 
Schemes 


BNGLAND AND oo a “ONLY. 
Highest cadres Be . 


Gotten me ag Area Hs i pa 


[™pr roved High h Pressure 
BWABLE DISC GLOBH VALVE, 
See our Advertisement in last week's issue, page 20, 
BRITISH STBAM SPRCIALITIRS, Lrp., 
Bedford Street, Leicester. 


M ®chine and Engineering 


WORK of all 4 undertaken for 
Manufacturers, a Romeng Also repairs 


renewals, Besi work, mod — 
* Faw pata’ ueen's Wharke 
NEW PA’ .—Rossen & Rvussxu, Lta., 
are prepared to undertake the manu 
at present made abroad, and will be war 
from firms such work work execu’ 
OHANTIBRS & ATHLIBRS 
A ugustin - Rerssad™ 
1, de Perrey—LB HAVRE 
rue LB 





























pS ii Bouts, Yachie end Ps Fast Boate. 
a. — po aebarr par Oa 9753 | Lowpon. MANCHESTER. Giaseow. wey ~~ ah Srreer, WesTMinsTER, 8.W. womuigiat str sabe Bai ewe wy 
Tb ae Steel New Chicago Automatics, Dredging Plant (Yentrifugals. 
ubes an AS ppeeee Three Sizes, Delivery from Stock FLOATING ORANRS, COAL BUNKERING 8& ili 
. . UB | 00! iG ott, (Yaseels & Williamson, 
Th s, ie en Ee eeart Conrad, HOLLAND. P MOTHERWELL, SCOTLAND 
e Scottish “abe Co., Lid, 


=o Cr emo, Sire 
sass 


JOHN MAONAB, Many Sraezr, Hypx. 








ee 


Tel. No.: 78 Hyde. 6102 








Agents: Maney Worse 
30-4, New BnoaD Br, LONDON, BO. 
See half-page Advertisement, last and next week, 








See half-page Advertisement page 91, April 19, 





——. 
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ENGINEERING. 








[the Manchester Steam Users’ 


iv tne ASSOCIATION. 
— Avialaimont of acy eas 
team. OUNT STREET. 
Chief Engineer: 0. H. STROMMYRE, § M.1.0.8. 


and | salary required, L 





pp. C.E., L Mech.E., B.Sc., | % 


KNOWLES B.Se., Assoc oad Inst. O.B., F.6.1. 
M.B.San.1., PREPARES CANDIDATES personally 
or respondence. ndreds of successes. 
Siatees son y com#mence at any time.—39, V’ 
&t., Westminster, 8 8.W. 








— 
THNDBBS. 
By Order of the Po LLEa’ HL who is retiri: 


from 
bus a= Messrs. FU HORSLY, SONS & 
CASSELL are instructed to ste lavise 


r['enders for the Purchase, 


cnces 5 lot, as a GOING CONOERN, of the 
old-esta 

FREEHOLD meme & ENGINEERING 
at Coning, = Town 





ROBERTSON & CO. 

The works, which have the extensive frontage to 
Bow Creek of 440 ft., contain an area of nearly two 
acres. The a are conveniently arranged 
for economical construction and are equi 
with modem Shipbuilding and Engineering Plant. 

The whole ~~ — fix plant, machinery and 
fixtures, as also 

GOODWILL OF THE BUSINESS, 

with patterns and drawings and work in propre: 
will be incladed in thesale. The purchaser willhave 
an option of acquiring the loose plant, tools, stook 
and stores at a valuation. He will be entitled to 
the beneficial interest in the running contracts, 
but required to give an indemnity in respect 
thereof. 

meen which must be on the form attached 
to the particulars, must be delivered by Twelve 
noon on WEDNESDAY next, May lst, at the Office of 
the AUCTION KERS, 133, ‘High Holborn, W.C.1 

The Works may be viewed HA orders ouly, to be 
obtained of rs. FORBES & SUN, Solicitors, 
19, ioe Lane, H.C., and of Messrs. FULLER, 
HORSKY & ©O., Mechanical Auctioneers and 
Voleene 1 "188, High Holbora, Ww ©. 1. K 042 





APPOINTMENTS OPEN. 
ESSEX COUNTY COUNCIL. 
WALTHAMSTOW RIGHER BDUCATION 
COMMITTEE, 





TECHNICAL INSTITUTE - ENGINEERING AND TRADE 
OOL. 


Heap Masrar: Jaume G.B. G.B. EpwArps, A.M.1.M.B. 
The Governors invite 
A ppl lications for the following 
SISTANT TEACHERS. Duties to com- 
mence in September next. 
See Oortalary = | Boa 
Subjects. (Master.)  2£2800- 
en ter or Mistress.) aa 
Mathematécs. (Master or Mistress.) 21 
English. (Master or Mistress.) 


Form Master (or Mi 
Art. ng = a ) 


pr ga 


In each case the commencing sa will be fixed 
according to qualifications and experience. 
The ma: um salany is at present under revision. 
Male candidates must be exempt from, or dis- 
qualified for, eo service. 
Canvaming will be comidered a disqualification. 
Application Forms, which must be returned nod 
later than May + savor be obtained fram 


Clerk to the Governors, 
1, Selborne Road, 
Walthamstow, BR. 11. 


Women Po gb ay Head 


partment REQUIRES, 
to fe, uty in 8 ptember. Commencin 
salary, £450.—For f eather | ener apply PRI 
CIP. “Tate Li 172 


n _ixperienced Accountant 
= , RED je eae om eos with 
modern fact organisa es YY progress 
inethods ; pom have initiative, and be a capable 
organiser, 
ive men only need apply 
Applicants engaged on overnment work or living 
et toed will = be considered. 
in first instance, , experience, 
and salagy required, oot erence wo 104, 
Offices of ENGINEERING. 


anted, by Firm of Engi- i- 


neers empl ed solely on a; Sie 
work, Male CLERK who can e charge of books 
(double entry) and su se workmen's time and 
piecework accounts. No person already on Govern- 
ment work = Po engaged. re arf stating ex- 
nro % salar ull to your nearest 


L 220 














anted in Government Office 
London), Civil Engineerin, — 
Office ASSISTANTS. Salaries from £3 to £6 -- 
week and overtime. Applicants must be ineligible 
for general Miditary service and should 
ulars of experience and on ieee references 
y of an bere gh to BOX 1325, , WILLING's 
trand, London, W.C. 2 L 


(Chemise Feta. Required | acco 
manufactur 

has lh 38 up in ae swine, 

sina oe 





rp 
ety aor aoe or 
more t) mileaway need ape. 


T° BXCHANGR, mentdoning a : 


ally otecta Seas 
Government work 


Metall gist, or Metallurgical 
meee for controlled mS - noa- 
ferrous metal manuf: acturers, . Must 
bea live man not afraid of work, aoe eed with 
8 works ~ 4 aes and asi of 
Teas, stating age, full detaths of euperivece and 
8 e, fu ence and 
% chk , Offices of ecumentne 


allo: 





orks Pg Wanted, for | perm 


large Bagi me Wee, one having’ 
mence — — Fh — pee 
dress, giving fal 


Che Omece ot c= ired andor copies of ladiboamk 
Shi pyard and Marine Engi- 


RING WORKS a no gay coe 





6600 | by fiem in the South of EB 


Good pros 
for ex enced Engineer _~ viously held 
Sheoliee ponition. “aew. Eeving provie sai het 
rience, age, and salary required, to L 196, Offices of 
Eyecreenixe. 


anted, for Modern Steel 


experienced and ee 
FUUNDRY MANAGER with thorough knowledge 
of the production of light castings by modern 
methods. No one a 'y on Government work 
will be engaged.—Address, a e, experience 
and salary required, L 62, Offices NGIN EERING. 


\ \ J anted, by Firm of Engineers 


in London, ASSISTANT MANAGER or 
FOREMAN. Must be capable organiser and have 
_ general machine shop experience, including 
yp oo my ts f itabl 
xcellent prospects for suitable man. 
lary £30u to £400. 
No one at present on Government work or 
residing more than 10 miles away need apply 
ress, sending copies of taatimonta 8, L 207, 
Offices “3 GINEERLING. 
has a 


A& vache ppy ay HAND for 


running and maintaining Diesel and Gas Plant. 
State experience and sa required, and whether 
ineligible for Military service, to L 50, Offices of 
BNGINEERING. 


A Well-known Engineering 


Firm in the North, employing about 5000 
bands, REQUIRE the services of an XPERT to 
organise an‘ trol of ate fixing 
and a gn Amateurs need not a but only 
men of ability, ob observant, self- > hse , and 
above al tactful. ndidates must be Thacetutie 
conversant with up Mey won dere production, pos- 
sess a thorough knowledge of modern machine 
tools, and be capable of supervising the plannin 
out of work to give required production. State fu 
particulars a “ye — me avery already | 4 
on Governmeut wo ged.—Apply 
age yb EMPLOYMENT EXCHANG » mention ning 
Lil 


Rese, by Firm of Con- 


sulting Worke Layout Engineers, a 
thoroughly Capable MAN with ideas and ex perience 
on General Works Layouts. Preference given to 
one who has received his discharge from the Army. 
General an age and mechanical ~— 
neering train essential, with anal 
observant t metheds. Young preferred. is ns 
forthe ‘‘duration of war,” but nent, and the 

position gives scope for an excellent future. Reply, 
eves all experience, education, age, anlary re- 

&e., BOX 567, T. B. Brownr’s ADVERTISING 
Orrices, 183, Queen <= Street, B.C.4. L 198 


Lg ineers Storekeeper 
NTED, for Controlled Establishment, 
must be over 30, able to control Stores Staff and 
must have had previous experience.—State meds 


Your nenrest UMPLOEMENT 'GROHANDE, G a Thon 
fo 


ning thie Journal and L76. No person already 
employed on Government work will be po enere 
76 


Wanted, Engineer for Iron 


and Steel Works comprising Blast Furnaces, 
on Power Plant, Open Hearth Steel Plant and 
Ming Mills, Must be good organizer and possess 
mens hnical and wenctieat experience in modern 
works. No person already on Government work 























uired to 
po ie nent ig Sra 


D's 


men 
particulars in the fret pice to X 624, 





Bes oer: Two Seniors 

REQUIRED on Machine Too! Design. Good 

saiary paid to first-class Boat 
permanent job. -< f one 


your nearest. BMIPLOYMBNT 
[pranghtemen. .—Several Men 


tioning No. A 080. 

REQUIRED for Mechanical Engineerin; 
work torte Controlled Factory in Midlands. Mus 
have had some practical experience. Knowledge of 
Textile or ae machinery desirable, but not 
essential. ood, opportuni for suitable men. 
Also pon ood JUNIOKS, with Drawing Office 
experience. Ne one already’ on Government work 
will be engaged.—Apply, aoene full perticulars of 


sa e, experience, to you? nearest 
EMPLOYMENT XCHANGE, mentioning x 


p= ghtsmen.—A Controlled 


ce mene age agri in the West Riding of York- 
po m im t high priority work, | 
REQUI the SERV CES of a competent MAN, | 
with first-class experience in General neering 
work; also experienced MAN for medium size 
machine ew he nd ea person already on Segre 5 
ment work w ep — stating fu 
jculars, to your nearest eurtoxM BNE Ex 
HANGE, mentioning A 4965. 
alan 


ite Lady ‘Tracer is 


fan BR The above positions are 
—, to seliable individuals. Wo person 

. er Mee 4.4 be engaged.— 
"ating to your nearest 
LOYMENT EXCHA NaH: mentioning A 4965. 


Daahimen Wanted, for 


Aeroplane work in Government factory. 
Previous experience in aeroplane design not abso- 
lutely necessary, but sound knowledge of 
mechanical principles essential. Good prospects 
for right men. No person already on Government 
work bpd ~ engaged.— Apply, stating experience, 

4 Wom ative re nearest EMPLOY- 
MENT Ex EXCHANGE, quoting reference No. ms 
171 


raughtsmen.—Required for 

North of En iron and steel works, one 

or two DRAUGHTSMEN experienced in steel works 

and rolling mils once hens No person already 
Seale oe on Government vee Ne] be en, ae 

ply y your nearest EMPLOYMENT EXU GRE, 

aaa ing No. A 6110 and this emt g L147 


D@ughtsman Required for 
Aewplane Factory, London district. Pre- 
vious experience of aircraft work not essential, No 
person resident more than 10 miles away or already 
on re Poe p> ge need apphy. Pen ap at 
, particu of experience, and salar: ui 
Dine Officesof EXNGLINRwRING. Ser 


Wanted, Draughtsmen for 


drawing electrical apparatus in a Govern- 

ment Department at Portsmouth. Sa to 

have at least two years’ experience in a com- 

———- ours office. Wages 67s. 6d. (inclusive) 

aged hours, plus overtime.—Address, 
X 1340, 


Wasenee, 125, Strand, London, W. + 2. 
W anted, First-class Assistant 
DRAUGHTSMAN, for Engineering works 
at Greenwich, permanent and progressive appoint- 
ment for suitable man. Must be ineli ie for 
eneral Military servive.—Address, L 163, cme 
INGINEERING, stating experience and salary re- 


quired. No one already on Government work or 
resident more than 10 miles away need apply. 


oncrete Shipbuilding.— 
mforced Concrete DRAUGHITISMEN 
WANT BD. in London district, for large Admiralty 
Contraet. ‘No one residing more than lu miles awa’ 
or employed on Government work will be powtmce 4 
—Address, stating age, experience and salary re- 
quired, L 129, Offines of of ENGINEERING. 


ve and 

ernment 

paige full details, to 
EXCHANGE, oR 



































will be engaged. mc salary ex in a stating 


WecOvMENT BXCH ‘No. : 


Nas, quoting No. —_ 
195 


Py gineer Required. Know- 

jedge of ing es Ventdlation, capable of 
supervising erection Steam Plant. oe age, 
salary and experience. No one already engaged on 
Government work or cesiding — than 10 miles 
— need a — Address, L 214, Offices of 


‘Aeroplane Factory Pro 

oe Shenae at bacon Den ot ne Ts ye 
o Progress pt. of 

Foe pep seen Matatartor Works (London). He sto have 








ngineering works training, be well | Apply 


ae sie modern methods of uction, 
very systematioin his books. He will be 

directly re a meg to the onghrtanetibens of the 
lactory and have entire control of the staff 

oe Geavetciae aun ts. A good salary will wee 


bl y" ly, stati 
quired, and giving ving fall tag ae and of past ex 


held lw when free tocom mence. 

© one need apply ge is living more a ie miles 
engaged on Government work.—Address, 

K 906, Offices of Bvetvernine. 





nted, Ten or Twelve 
Machine and Fitting Shops necessary. 
Apply you se nearest HMPLOYM Bt BNT rr kom AWG, | 





raughtemen. —Applications 


D enced Mechanical 
DRAUGHIOMEN. feos th Crane work expe- 
rience pref ta! 


ben oh liberty, to ak tenn y EMPLOYMENT 
BXCHANGE, mentioning No. A 4428. No 
already on Government work will be engaged. LS 
W anted, Ca apable Mechanical 
DRAUGHTS AN. Must be Fyne engi- 
neer, with workshop experience and technical 
oe bee coatrolled gag gre on General 


ter district. © person already 
on sy work will be e 
L8i 





your nearest EMPLOYMENT EX 
mentioning No. A 45*6. 
raughtsman, Senior Mecha- 


nical, able to start at once on important 
war work. Libel remuneration and very attractive 


= | Seca are effered toa as worker with —— 
ability. Motor lorry tractor experience an 
No ome pre a on Govt. won or Mving 


orm thee 10 miles away need apply. 
mar TRANSPORT. T, 84. Kings way. L 236 


p= Dieta se uired, with 


from 
be 








high-class men with other ei 


Ie aagnges Sue ag nperince ant many | 27 


LOYMENT BXCHANGH, quoting aN O. — 





W a 
efficient PROGRESS or RUSH — ba 
work in Scotland, previous experience Aes 
ualifications 
one read om q ~ aes ah = — Caan te age, |couitere 
ughtsman (Jig and Tool) 
aNfra = = 








Dieses T Mechanical 

scouts ihe Motor Vehicle 

or ach ie aye: rable but not ee 
J. 


-jto nearest 


4 engaged—A AD painting fal Bicnanoy 


ip) 
K 869 ond ak: Me 





ughtsman tama sman 
. hecker 
en 
on Gevaument « <a 


be —Apply, your ite 
setts eet No. A sabe To 


Deughtemen Required for 


large firm Sys South of Scotland. Bxcellent east 
pecis for a Hay men. Good - No person 
already emp on Government work will be 
vo your 
men- 
La 


H ting and Ventilating — 

REQUIRED, Competent DRAUGHTS MAN 
and ENGINHER, capable of preparing schemes 
aad supervising erection of work. State experience, 
age and salary require& No one already engaged 
on Government work or residing more tian 19 
miles away need apply.—Address, L 215, Offices of 
ENGINEERING. 


A Constructional Draughts- 
MAN REQUIRED immediately at Ayles- 

bury. Salary £200 to £300 per annum.—Ful) parti- 

culars to PUTMAN, Southern Works, Aylesb my 





teninee No. A 5053. ~ 











Pr2ughtsmen and eaiotanl 
DRAUGHTSMEN REQUIRED, on Aero- 
og work. Good mechanical experience essential. 

one seendy. on Governmeat work wil! be 


ado | engaged —-A ly to your nearest EMPLOYMENT 
BXCHANGHE, quoting K 978, and this Journal. 


enior and Junior Draughts- 

MEN REQUIRED, accustomed to the Design 

of Blectrical Machinery. No one engaged on Gov- 

——_ work or residing more than 10 miles away 

—State age, training, and experience 

required to your nearest EMPLOYMENT 
GE mentéoning this Journal and L4. 


Technical Assistant, with 
Works or Drawing Office experience, is 
REQUIRED for the Commercial Office of a large 
Engineering works in the Midlands. Applications 
from discharged soldiers possessing the necessary 
——— will receive special consideration.— 
pply, stating salary required — iving fall 
details of experience, to nearest EMPLOYMENT 
BXCHANGH, quoting this Journal ed L 180. Ne 
one already on Government work will be engaged. 


Wanted Technically Trained 


YOUNG MEN as Assistants in Production 
Departments of large Industrial Concern (Govern- 
ment Controlled). Permanent and progressive 
positions. Preference given to men having Engi- 

neering, Drafting or Laboratory training. No one 
on Government work will be engaged.— Apply, with 
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Will be red to take charge of a Locomotive 
Shed and District, includéng al) locomotives and 
machinery a8 regards maintenance and repairs, and 
also the charge of all locomotive working and staff 
in the district under the District Locomotive Officer. 

The Assistant Boiler Shop Foreman must have 
served his time as Boiter Maker in an Approved 
Shop, and su! uently as journeyman. Preference 
will be given toa man well up in repair work. Must 
be well versed in modern practice both in construc- 
tion and the use of compressed air and hydraulic 
tools. Experience as an Inspector would be 


valuable. 
OHANGE, 


Candidates should 
PLOYMENT EX 

of training and ex Se caamet 
mentioning this Journal. 
Government work or eligible for 
apply. 
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neering machines, capable laying out and extending 
resent plant re yo scope of work now undertaken. 
© person already on Government work will be 
os ply, stating age, salary required and 
particulars ex ce with copies of testi- 
neo Bhing which will be returned, to your nearest 
BMPLOYMENT EXCHANGE, ~oosane” ies 
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STRESSES IN TURBINE BLADING. 
By Geraup Stoney, F.R.S. 


THE blading in steam turbines is exposed not 


| pounds per second by the steam on the blades per 
| stage of the turbine is given by: 


Qen 


W = = 
72009 


only to stress due to centrifugal force, but also to | and the tangential force in pounds is : 


stress due to the pressure of the steam on the blades 


and to vibratory stresses. 
The stress due to centrifugal force is easily dealt 
with, since it is merely due to the weight of the blade, 
and for brass blades is : 
fi e= 
and for steel blades : 
fe = 


2 
Rha 0 
234,000 
R2hd 
255,000 
where : 
Jf- = stress in pounds per sq. in. due to centrifugal force. 
R = revolutions per minute. 


d = mean diameter in inches. 
h = blade height in inches. 


In considering this stress, which is a steady 


T = Qaey 
7200 gu 


Rd 
330° this becomes : 
T= Oak . 19-6, 

53.5 a2 


Remembering that u = 


|A very useful unit in these calculations is the 
| blade-width w, that is, the width of a row of blading 


measured axially in the turbine. As blades of 


| various sizes with similar shapes and angles are, 
| or should be, similar in any given type of blading, 
|it follows that the moment of fesistance to bending 
| varies as w°, and also that the circumferential pitch 


of the blades 1 =bw, where 6 is a constant 


1. TURBINE EFFICIENCY CURVES. BRAKE TO STEAM (AD/A BATIC).NO FRICTION, WINDAGE ORLEAKAGE ALLOWED 


ee 
.® 


Thermal 


"7 4 


stress, due regard must be had to the fact that in 
some blade fixings the strength of the fixing is less 
than the tensile strength of the blade, and in some 
cases the blade is cut away at the root to provide 
for the blade fixing. Further, in some types of 
construction the yield-point at which the blade 
begins to draw out of its fastening is reached 
considerably before the yield-point of the material 
of the blade; and this is sometimes accentuated 
by the blade’s tending to become to a slight degree 
loose, owing to repeated heatings and coolings. 
This is especially liable to occur with blades of 
brass or other alloy, which have a much larger 
coefficient of expansion than the steel of the turbine 
rotor. Equations (1) and (2) give the tensile stress 
on a parallel blade just where it is fixed into the 
rotor; and in-considering what stress is safe due 
regard must be had of the method of holding the 
blades. By the use of taper blades, which are 
Sometimes employed at the exhaust end of large 
turbines, this stress can be reduced to about two- 
thirds of the value given above. The factor of 
safety allowed should be at least three, taken on 
the yield-point of the blade with its fastening, and 
at least four on the ultimate strength of the 
fastening and blade. 

The next stress on the blades is that due to the 
pressure of the steam on the blades; and this is 
the force that drives the turbine. Many methods 
have been proposed for the estimation of this stress, 
and all are more or less approximate ; the method 
here given has been found convenient in practice. 

In designing a turbine, the following quantities 
amongst others are generally known : 

R = revolutions per minute. 

= maximum Ib. steam per hour. 

a= u/ p Pangan yee ratio ~0! blade speed u, to 

” = blade cficleney. 2 a laa 
The relation between the blade efficiency » and the 
Velocity ratio a for turbines of modern design, 
18 given in Fig. 1, in which » is the actual blade 
efficiency with no allowance for leakage, windage, 
bearing friction, &c. 

In an impulse turbine the work done in foot- 





02 03 


0 
($428.8) 
depending upon the type of blading. In impulse 
blading 6 is generally between 0.5 and 0.6, and in 
reaction blading it is between 0.6 and 0.7. 
The number of blades in a ring where there is 
admission all round is therefore : 
awd rd 
X bw 
and the force on each blade is : 
we Q n R bw 
168 a2 
If Z is the resistance modulus of the blade section 
when | in. wide and f, is the stress on the blades due 
to steam pressure, then the moment is f, Z w®, and 


x 10-% . (3) 


is equal to - 


Putting this value for ¢ into the 
above equation, we have : 


h — 336 x 1908 VL 2 
QnRb 


w 


(4) 


Values of * for impulse blading for various values 


of a derived from Fig. 1 are given in Fig. 2. 
Strictly speaking, these should be corrected for 
leakage ; but in neglecting this correction we are 
keeping on the safe side, and in a modern turbine 
the leakage is small. This seems a difficult equation 
to work with; but in practice it must be remem- 


| bered that usually the velocity ratio and blade 


shape are constant throughout the whole or a large 


part of a turbine, and therefore a, "> b and Z are 
constant ; so that : 
h 


we 


=¢ fe, 

QR 
The total tensile stress on the blade is then given 
by f=fs + fe; and here a distinction must be 
made between the strength of the blade and the 
strength of the way in which it is fixed into the 
rotor ; in other words, of the blade fixing. 

The stress due to steam pressures on the blade, or 
fe, causes bending of the blade, and this combined 
with the centrifugal force f,, gives the stress whica 
must be allowed for at the weakest section of the 
root of the blade. On the other hand, so far as 
pulling the blade out of the rotor is concerned, only 
the centrifugal force f, must be taken into account. 

The factors of safety to be allowed in the latter 
case have already been dealt with; and similar 
factors of safety should be allowed for the combined 
stress due to centrifugal force and steam pressure in 
the case where there is complete admission of the 
steam all round the blades. Where there is partial 
admission, much higher factors of safety must be 
allowed for the stresses due to bending, on account 
of the intermittent action of the steam, In many 
cases between 10 and 12 is not too large a factor 
of safety to allow. 

It may be mentioned that in moderate-sized 
turbines up to, say, 4,000 h.p., the bending stresses 
in the blades are rarely serious ; but in large sizes, 
15,000 h.p. and above, they often become of con- 
siderable importance. 


(5) 





w* 
|must be multiplied by the proportion of the circle 
occupied by nozzles. As mentioned before, in 


In the case of partial admission, the value of 


we can be made constant for 


considerable ranges in the turbine; and thus the 
blade widths suitable can be seen at once when the 
| blade heights are known. 

| In two-row impulse blading, the work is divided 
between the two rows, so that approximately the 
| work done in the first row is that due to the efficiency, 
as shown in the curve for one-row in Fig. 1, and in 
the second row as that due to the difference between 
the curves for one row and two rows. Thus if the 
velocity ratio is 0-2, the efficiency for the first row 
'is 54 per cent. and for the second row 11 per cent., 
'the sum of which makes the total efficiency of the 
two rows 65 per cent., as given on the curve. A 
|similar arrangement holds for three rows. 

| In practice, the rows are generally made of the 
\same width, or nearly the same; for if the first 
row is strong enough it is generally found that the 
others are also strong enough. The longer blades, 
however, may need to be reinforced at the root, on 
account of centrifugal force and vibration. 

Another method, which is often convenient when 
partial admission is used and the velocity of the 
steam is above the critical velocity, is based on 
Rankine’s formula for the flow of steam under 
these conditions. A similar formula has also been 
given by M. Rateau. This is, that the flow of 
steam, q lb. per second, is approximately pro- 
portional to the absolute pressure P in pounds 
per square inch, and that q = 0-0145 P A, A being 
the area in square inches. 

The area for the steam per inch of the circum- 
ference may be taken as 0.8 h sin 6, where @ is 
the exit angle of the nozzles and 0.8 is a coefficient 
to allow for the thickness of the nozzle plates, the 
overlap of the blade outside the nozzle and the 
divergence of the nozzle from the throat to the 
exit. 

The tangential force T! per inch of circumference 
is then given by: 


T1 


| practice it is found that 


_ Pehnsind 
5500 u 
and 


h 


© 1000-22 
we 


P bu nsin 0 (6) 
As such blading is often at the beginning of a 
turbine where the admission is very partial, a large 
factor of safety has to be allowed, on account of 
the intermittent action of the steam; and thus, 
as mentioned before, in such cases it is often found 
that a factor of safety of about 10 must be allowed, 
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while 4 or 5 is a sufficient factor of safety where 
there is complete admission. 

In many cases the blade-fixing consists in cutting 
away the sides of the blade and putting it, with 
distance-pieces between the blades, into a dovetailed 
groove in the rotor. Such cutting away of the 
sides weakens the blade against bending stresses 
much less than might be supposed; and further, 
the blade is partly supported by the section-pieces 
between. 

It can be seen that cutting away the edges 
of the blade does not weaken it much, and in some 
cases may even increase its theoretical strength, 


when we remember that Z =>, where I is the 


= 
moment of inertia of the blade and o is the distance 
of the edge of the blade from the axis through the 
centre of gravity. Cutting away the edges reduces 
o largely, and I only a little, as the edges are thin. 
Thus a certain amount of cutting away actually 
increases the strength of the blade ; but in practice 
this amount must generally be exceeded, in order 
to provide sufficient bearing surface to take the 
centrifugal force. It is a case similar to the old 
conundrum of a square bar of iron supported on 
two props with the diagonal vertical and a weight 
hanging at the middle. If the fibre stress is found 
to be too high, how are we to increase the strength 
by the means only of a hammer and a chisel ? 
The answer is: “Cut off the top and bottom 
edges.” 

In the foregoing, only the tangential force on 
the blades—in other words, the force that drives 
the turbine—has been considered; and the axial 
force parallel to the axis of the turbine, due to drop 
of pressure in the moving blades, has been neglected, 
since in impulse turbines it is generally small in 
amount. In impulse turbines the whole, or the 
greater part, of the expansion takes place in the 
fixed or guide blades, and there is therefore little 
drop of pressure in the moving blades; thus the 
axial stress—the stress parallel to the axis of the 
turbine—is small. 

In reaction or Parsons blading, since there is 
equal expansion in the fixed and in the moving 
blades, the drop of pressure across the moving 
blades is considerable ; the axial stress is therefore 
large, and under ordinary conditions is equal to or 
rather more than the tangential stress. In such 
reaction blading, since there is equal expansion of 
the steam in the fixed and the moving blades, 
equation (3) becomes : 

t= BUBbw 

84 a2 

for the tangential force only. Here «a is the true 
velocity ratio or the ratio of the blade-speed to the 
steam-speed in either the fixed or the moving rows. 
In some books, the velocity ratio is taken as _ if 
the whole of the expansion were in the fixed row, 
as in an impulse turbine: it is therefore 1/*/2 of 
the above value of a, and care must be taken not 
to confuse the two. 

Let T be tangential force on the blading and L 
the axial, Ap being the drop of pressure across 
either moving or fixed row, and V the volume of 
steam in feet per second. 


~« 10-6 (7) 


2nVAp 
T =.|_ —— 
and u 
L=A.Ap 
A being the area of the annulus. 
Therefore : 


tT. 2V¥¥ 
L~ wA 


_ 2 sin @ 
a 


(8) 


Vv 
since x = axial velocity of the steam, or c sin 86, 


@ being the blade angle; and the forces on each 
blade have the same ratio. The resultant force 
on the blade, n, is then the resultant of these two 


forces, or : i Wee . 
a 1 i 
° ak + (555) 
= WRbwn 1 2 Se, 
7 84 x aran/ +(s-9) 
calling 


” a 


IY ad | 





y= 4 


2m sin 0 
_ QRbw ‘ 
mx ioe ? ®) 


From this it follows, as equation (4) was derived 
from equation (3), that : 

h = 168 x 108 20 | 
2 QROB 
Fig. 3 gives the relation between 8 and « derived 
from Fig. 1, 6 being taken as 20 deg. ; and since, 
of course, the minimum value of a in any section 
of the turbine must be taken, it is seen that between 
the values of 4 =0-4 and «=0-6, which are 
the usual minimum values in modern turbines, the 

value of 8 is 2.15, so that: 


= 


(10) 





78 x 10.64:22 (11) 
QRb 

which gives the total stress on the blades due to 
the combined effect of pressure drop and reaction. 
This acts at approximately 45 deg. to the axis of 
the turbine; but small variations of this angle 
have in practice little effect on the strength of the 
blades. 

It is, of course, necessary to take the minimum 
value of a in a turbine, and not its mean value. 
In the usual form of stepped reaction turbine there 
is generally an appreciable difference between the 
minimum and mean values of the velocity ratio. 
Until the present time, no‘account has been taken 
of the stiffening effect of the shrouding or lacing 
of the blades. Shrouding riveted on to the top 
of the blades cannot be considered rigid for small 
movements, and thus cannot well be taken into 
account in considering the stresses on the blades, 
and this is the type generally used in impulse 
blading. If such shrouding, which is generally of 
substantial section, could be rigidly fixed to the 


| 
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blades by silver soldering or brazing, the strength 
of the blades would be considerably increased, and 
their tendency to vibrate largely reduced. The 
difficulties in making a satisfactory and workman- 
like job are, however, considerable. 

In the case of reaction blading the usual practice 
is to silver-solder on lacing strips at intervals 
along the blades ; but such lacing strips have not, 
in practice, sufficient rigidity to add much to the 
strength of the blade for resisting bending. Besides 
this, when the blade is of hard-drawn material it is 
annealed locally by the brazing-on of the lacing 
strip. The chief function of these lacing strips 
is to prevent the blade from vibrating, and in all 
types of blading some of the most serious stresses to 
which blading is subjected are vibratory stresses. 
Such stresses arise from many causes, one being 
partial admission of the steam; and even when 
there is nominally complete admission, irregu- 
larities generally occur as may be caused by the 
cylinder joint. Dealing with such difficulties is 
entirely a matter of practice, and even yet one 
hears occasionally of trouble due to vibration, 
especially at the exhaust end. For safety’s sake, 
it is necessary that the natural period of vibration 
of the blades shall be a high multiple of the rate 
of revolution of the turbine. 

Another important factor is, that the blading 
should not be too flimsy; that is, that the pro- 
portion of height to width should not be too great. 
In all structures it is essential that the design 
should be “substantial” and a “ mechanical job.” 
What it is that constitutes this is entirely a matter 


substantial, while one only 4 in. or 5 in. high is all 
right. 

In conclusion, the author would wish to express 
his thanks for help in the preparatior of this article 
to the staff of the Manchester College of Technology 
and to various friends, more especially Mr. Arthur 
Morley and Mr. H. M. Martin. 





TESTING MINERS’ LAMPS. 

In the past, but probably with insufficient reason, 
American mine owners have been represented as 
showing inadequate attention to the safety and 
well-being of the mining population and taxed with 
unwillingness to take necessary precautions to 
safeguard the underground workings against loss. 
There is no evidence of carelessness or of impro- 
vidence in the management of their property to-day. 
Alertness and energy are everywhere displayed, 
but the claims of industry are equally recognised. 
On the scientific side the Bureau of Mines gives 
very efficient assistance. The Bureau is a very 
active body, eager to disseminate information and 
to give advice, ready to investigate new methods 
and to enforce regulations that will facilitate output, 
or minister to safety and efficiency. A recent proof 
of its solicitude on behalf of the mining industry 
is furnished by the publication of a bulletin, detailing 
the steps that have been taken to improve the 
efficiency and increase the practicability of a miner’s 
electric lamp.* The open-flame lamp still finds 
occasional use as an illuminant in mining operations, 
and this potential source of danger is too frequently 
risked, when the poor illumination of the safety 
lamp becomes intolerable, or the workman finds 
his movements hampered by its use. Considering 
the inconvenience arising from the cumbersome 
nature of the Davy lamp, and the risk attending the 
use of the open flame oil lamp, the advent of the 
enclosed electric lamp, with its clear light, capable 
of being operated with comparatively small appara- 
tus was hailed as a special boon for the miner, and 
the possibilities of danger underlying its frailty 
and weakness were overlooked or purposely ignored. 
To attach the tiny bulb to a miner’s cap and strap 
a storage battery on the back, leaving the hands 
free, and the command of a good light at will, 
seemed an ideal arrangement especially suited to 
mining conditions. The advantages were so patent 
that the concealed risks were disregarded, but it 
is to be feared that the earliest examples of the new 
mechanism were exceedingly crude in construction 
and not unattended with danger to the unsuspecting 
wearer. The Bureau of Mines was not unmindful 
of the hazard so readily accepted, and soon after 
the introduction of the improved light showed that 
the incandescent wire in a broken bulb was capable 
of igniting an inflammable mixture of gas and air, 
demonstrating that only the frail glass of the lamp 
bulb stood between the miner and a catastrophe 
that involved injury to himself and comrades. 

Convinced that the hazards of mining operations 
would be diminished by the use of a portable electric 
lamp that would give increased safety by eliminating 
the open flame, and provide more light in a con- 
venient form than the safety lamp, the Bureau 
endeavoured to stimulate better design and con- 
struction by instituting careful investigations 
theoretical and practical, and establishing a system 
of attested approval that would be both useful to 
the miner and an advantage to the maker. With 
this end in view the co-operation of manufacturers’ 
was invited, many of whom submitted their lamps 
for examination and criticism. None of the original 
specimens was free from defect, but the joint 
efforts of the Bureau and makers have been so 
effective, that there is now no difficulty in procuring 
lamps which satisfy all the requirements of the 
Bureau. This improvement, too, has been effected 
in a comparatively short time, far shorter than 
would have been the case had the development been 
left to ordinary commercial exploitation and com- 
petition. On this result the Bureau is to be con- 
gratulated, the method of procedure has much to 
recommend it, and its final success shows that the 
policy was sound. The eagerness with which the 





* Approved Electric Lamps for Miners. By H. H. Clark 





of practice ; but it is obvious that a blade, say, 





} in. wide and 8 in. or 10 in. high is flimsy and not 
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mining operatives have adopted the form of lamp 
bearing the official warrant of approval is most 
gratifying. This keenness proves that practica- 


present time, the tests and the requirements do not 
seem too onerous or too elaborate. The best proof 
of their fitness is the cheerfulness with which they 





bility has not been sacrificed to safety, a danger 
to which the officials were alive, for as the report 
points out, it was manifestly futile for the Bureau| 1. The lamp must produce continuously for a 
to urge the adoption of an impracticable device | definite period a suitable amount of properly 
on the grownd that its safety was assured. The distributed light. This condition will be generally 


are accepted by the makers. The general qualifica- 
tions may be summed up as follows :— 














Fie. 1.. Equrement ror TESTING SaFeTy Devices or ELrecrric Miners’ LAMPs IN 


ExpLostvE Mixture or Gas AND Arr. 





suggested that the design and construction of the 
battery should be such, that it is capable of pro- 
viding 300 discharges of 12 hours each. 
possible to test this capacity by actual trial, but the 
makers are prepared to guarantee a life of twice 
the prescribed period. 

3. The electrolyte shall neither spill nor leak, 
and the weight of the entire apparatus shall not be 
burdensome. The average weight of the equipment 
of a “cap” lamp is about 4}1b.: the “hand” lamp 
is somewhat heavier. 

4. Further, the lamp equipment must be pro- 
vided with an automatic safety device, so designed 
that whenever the bulb is broken, the lamp filament 
shall immediately cease to glow at a temperature 
liable to ignite explosive mixtures of gas and air. 
These requirements refer mainly to the behaviour 
of the lamp ; there are other specifications depend- 
ing on the electrical arrangements and attachments, 
and on the light distribution, which can be more 
conveniently considered when describing the several 
methods of making the tests. 

The first of the mechanical tests to which the 
lamp is submitted and perhaps the most important 
from the point of view of safety, applies to the 
device for securing sudden and complete extinction 
of the lamp filament on accidental fracture of the 
bulb. The plan most commonly adopted takes the 
form of a spring or springs that hold the bulb in 
circuit as long as the apparatus is intact, but cause 
it to fall out of circuit or to complete the circuit 
in another place when the glass is broken. The 
method of test is indicated in Fig. 1. The material 
part of the lamp is placed in a closed case containing 
a highly explosive mixture of gas and air, and 
while the filament is glowing with normal brilliancy 
the bulb is broken by a blow on a tool shaped like 
a miner’s pick. To constitute a failure it is not 
n that an explosion should follow: if the 
filaments continue to glow, the lamp is held to 
be inadequately protected, and the particular de- 
vice is condemned. The presence of a gas mixture 


It is not 





is therefore unnecessary to the completion of the 
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Fie. 2. Macntne ror Testina Non-Sprrtine Devices 


Fie. 3. MacnHINE FoR 
oF Mryz-Lamp Batrertes, ASSEMBLED FoR “ PrckING TEST.” 


Lamp BATTERIES, 


first officially-approved lamp was issued in the | met if the lamp produces for 12 consecutive hours 
spring of 1915, and within a little more than a year | from one charge of battery, a light stream having 
about 70,000 lamps of an approved type were in|an average intensity of light not less than four- 
active service. Such lamps are now being installed | tenths of a candle-power. In the case of a “cap” 
at the rate of about 2,000 a week. |lamp the total flux of light must not fall below 

The minimum conditions that a portable electric | 1} lumens during the 12 hours, and for a “ hand ” 
mining lamp is required to fulfil have been modified |lamp not below 3 lumens during the same period. 
from time to time, and the tests made more thorough; 2. The lamp must repeat this production with a 
and searching. This is the natural consequence of minimum number of interruptions, and at a cost 
the effort to reach a high standard, but at the|commensurate with the benefits received. It is 


TesTInG Non-Sprtitinc Devices or MIneE- 
ASSEMBLED FoR “ SHOVELLING TzsT.” 


test, and fracture is produced by other means, as 
by striking the bulb on any part with a hammer or 
swinging it violently against some hard object. 
If under any circumstances the safety device fails 
to act, rejection follows and new designs have to 
be substituted. 

This test is very severe on the workmanship 
where springs are employed, because the Bureau 
demands that the lamp should be free from the 
chance of unexpected extinction. If there be any 
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loose contacts, or the springs be of too light a 
character, under this rough treatment the safety 
device designed for extinction may operate when 
it is not intended. The standard method of in- 
vestigating the tendency to unexpected extinction 
consists in dropping a lamp, or the headpiece of 
such lamp, on a concrete floor from a height of 
6 ft. This is a pretty severe test on the mechanical 
strength, for it might very well happen that some 
change of shape would be produced in the metal 





Fie. 4. Macurvze ror Trstinc Mine Lamp Corps witH 
Gutprs REMOVED TO sHOW THE AMOUNT or SLACK GIVEN 


on a horizontal axis at a point 10 in. from the centre 
of the group, and so adjusted that it can be swung 
back and forth through a horizontal arc of 23 deg. 
This swinging operation is continued for two periods 
of an hour each, at the rate of 72 oscillations per 
minute. Fig. 3 shows the arrangement to simulate 
the motions accompanying “‘shovelling.” Four cells 
are placed on their sides on a similar platform but 
the axis is hinged 40 in. below the centre of the 





| group. The cells are swung through an angle similar 


To Corps aNnD METHOD or MovunTING. 


covering that would prevent the springs working 
as intended. 

Gas ignition may arise by other means than by 
a glowing filament. If the battery current is 
excessive, sparks may be produced when the current 
is suddenly broken. To meet this contingency a 
limit has to be placed on the amperage. The 
maximum value of current for a single cell of a lead- 
acid battery, giving 2+5 volts is fixed at 125 amperes : 
for two cells of alkaline storage battery, giving not 
more than 4 volts, 85 amperes is the limit; with 
further increase of voltage the amperage must be 
proportionately less. To test whether it is possible 
for these currents to be exceeded under any con- 
ditions of service, a short circuit test is made by 
connecting the battery across an ammeter in series 
with a resistance equal to that which the lamp 
circuit would have, if a complete short circuit 
existed just outside the battery casing. 

The Bureau has also directed its attention to the 
production of a battery from which the electrolyte 
cannot be spilled. In the case of a mining lamp 
equipment such a defect, may be more than an 
inconvenience: it points to inferior workmanship 
generally, it can easily lead to the deterioration of 
the cell, and bring about premature extinction or 
the lowering of the light. The criterion of a non- 
spilling battery is, that it shall not spill more than 
one full drop of electrolyte after being placed for 
8 hours in those positions that seem most likely 
to promote leakage. The method of testing is 
thorough and designed to reproduce as nearly as 
possible the conditions in which the battery will be 

when in actual use by a miner engaged in 
either “ picking ” or “ shovelling.” Fig. 2 shows the 
testing machine as arranged for the “ picking” 
test. Four batteries that have been allowed to 
stand in open circuit for an hour are grouped in an 
upright position on a horizontal platform; the 
electrical equipment being completely assembled 








and the lamps burning. This platform is hinged 


substituted. Since.in many cases the lamps of 
various makers passed this test without the slightest 
leakage, there should be no difficulty in eliminating 
leakage defects from mining batteries. 

From practice acquired in a laboratory it seems 
a very simple matter to make and maintain the 
necessary connections between the battery and the 
lamp, but that unfortunately is not the experience 
of the mining engineer. The terminals, the wires, the 





insulation, the whole apparatus, generally classed 





Fic. 5. Corp-Testrnc MACHINE WITH GUIDES 


PLACED IN PosITIOoN. 

















Fic. 6. Drvicze ror Rotratinc Lamp HEADPIECE WHEN MEASURING CANDLE-POWER. 


to that in the preceding case, but only 48 times a 
minute. This test is continued for 3 hours with two 
interruptions for an hour. In addition to this 
rhythmical swinging, the batteries for the “cap” 
lamp equipment are dropped 20 times (if they 
survive so long) on a wooden floor from a height of 
3 ft. If any battery develops a leak before it has 
been dropped six times, or if the four batteries could 
not be dropped on the average 10 times without 





material injury, a stronger battery jar has to be 


together as the “cords,” proved in the early days 
to have so many sources of weakness, particularly 
by developing open circuits, partial or complete, 
after a brief period of service, that the adoption of 
the method of lighting by portable electric lamps 
was seriously delayed. Long after other weak 
points in the equipment had been eliminated, the 
cords continued to give trouble, and it is only by 
the determined co-operation of the examiners and 
the makers of the apparatus, that the evil has been 
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effectually overcome. A main trouble was traced 
to the means adopted for attaching the wire to the 
headpiece and to the battery respectively. The 
severe strains to which the electrical connections 
were submitted had not’ been properly appreciated. 
Reinforcement was naturally given at the points 
where the cord left the battery casing, and again 
when entering the lamp headpiece, but the device 
never proved satisfactory in practice. Where 
flexible conductors have to be employed, the 
junctions frequently develop trouble, and the true 
remedy is usually difficult to find. The authors of 
this report point out that in some cases, the earlier 
types of armour supplied were so weak that they 
failed more quickly than the cord they were intended 
to protect. 

Protracted examination showed that the wires 
were apt to break by the continual swinging and 
swaying of the miner’s body, even before the insu- 
lation was damaged, and suggested that the strength 
and fitness of the connections in their entirety, as 
well as the character of the reinforcement would 
be best tested by submitting the completed equip- 
ment to the same kind of motion and abrasion that 
is encountered in mining operations, though the 
speed, frequency and amplitude of the imitated 
motion might be exaggerated in order to hasten the 
test results and provide for a factor of safety. With 
this view the apparatus shown in Fig. 4 was designed. 
It consists of a rectangular frame driven by a 
motor to and fro’ in such a way that the cords are 
slatted as the frame oscillates. Ten wires can be 
tested simultaneously. Each is attached to its own 
battery by the terminal provided, and the other end 
fastened to the frame at a point 24 in. above. 
Since the cord is 36 in. long, sufficient slack is 
provided to allow the frame oscillations. The 
frame was swung 92 times a minute through a 
vertical angle of 50 deg., and additional friction was 
provided by making the cord move between hori- 
zontal guide bars spaced 2} in. apart. These are 
shown im situ in Fig. 5. The method of action was 
to operate the motor until the cord system open- 
circuited, or in the case of the more trustworthy 
cords, till the resistance increased to 10 times the 
original value. To detect the injured or weak 
cord, it was sufficient to shunt each cord across a 
miniature bulb and to connect all the cords in 
series. In this series a small bulb with a resistance 
10 times the normal resistance of one cord is 
shunted. When current is. passed through this 
comparison bulb and the ten cords in series, the 
shunted lamps glow in proportion to the resistance 
across which they are shunted. “Therefore the 
bulb of any cord whose resistance had increased to 
10 times the normal glowed as brightly as the 
comparison bulb, and conversely any cord whose 
bulb was less brilliant than the comparison bulb 
had not reached the maximum resistance allow- 
able.” 

In no direction has the work of the Bureau met 
with higher reward than in securing greater 
efficiency in the wire attachments and accessories 
of these mining lamps. This success could not have 
been attained without a generous and loyal response 
on the part of the manufacturers. Co-operation 
between theoretical and constructive science is 
seen at its best, and the miners reap the benefit. 
The great annoyance of unexpected failure of the 
light has been removed, the cost of upkeep has been 
diminished, confidence in the reliability of the 
illumination has been enhanced. When the test 
began no lamp cord manufactured could outlast 
30,000 oscillations of the machine. So greatly has 
the manufacture of electrical conductors improved, 
that of the cords recently examined, one sustained 
more than 1,000,000 operations, three exceeded 
200,000, and two 100,000 of these abrupt jerks. 
The Bureau is justified in saying that the problem 
of the mining lamp-cord has been satisfactorily 
solved. . 

Efforts to improve the character and availability 
of the illumination have met with equal success. 
The light intensity and method of distribution, 
factors on which the practical value of the lamp 
depends, have been so increased in efficiency that 
the standard of excellence now atfained is very 
high. Practicability is as important as safety, 
for, as already pointed out, it is manifestly futile 





for the Bureau to urge the adoption of an impractic- 
able device, however many or thorough the safe- 
guards that surround it. The hope and ambition 
were encouraged that a lamp would be produced 
that would recommend itself, not only on account 
of its increased safety, but also by reason of its 
illuminating qualities, foremost among which may 
be included a wide angle of the emitted stream of 
light, with uniform distribution over the lighted 
surface. The intensity and light flux of a standard 
safety lamp were regarded as the minimum that 
could be tolerated in an electric lamp, but it was 
hoped that this limit would be exceeded. This 
hope has been realised. The safety lamp at its 
best is capable of giving about 3 lumens, while 
in the approved mining lamps this amount has been 
increased to 5*3 lumens. This intensity is not 
great, but it is sufficient, if distributed evenly over 
the surface. Uneven distribution operates in- 
juriously, because the more brilliantly illuminated 
portions induce the pupil of the eye to contract, 
increasing the difficulty of seeing the more feebly 
illuminated parts. The lamp reflector is the piece 
of apparatus most immediately concerned in pro- 
moting uniform scattering of light. Highly polished 
reflectors, though more effective than dull surfaces, 
must be excluded, because they give rise to highly 
contracted areas of bright and faint illumination. 
The figure of the reflecting surface as well as the 
material of which it is made have to be determined 
with care in order to prevent undue concentration 
of light. By the action of the Bureau reflectors 
are now on the market that meet every requirement. 
The certificate of approval guarantees that in a 
critical 7-ft. circle, implying a cone of light having 
an angle of 130 deg., there are no black spots, and 
further attests that the average illumination in foot- 
candles on the best illuminated one-tenth of the 
diameter is not more than three times the average 
illumination throughout the diameter, and for at 
least 40 per cent. of the diameter the illumination 
is not less than the average. 

The photometric arrangements necessary to deter- 
mine the attainment of these results are not simple 
owing to the number and nature of the variables. 
The bulb, the reflecter, the battery, are constantly 
varying, and if these are treated as constant at any 
moment, the calculated candle-power and light flux 
depend more or less on arbitrary methods in the use 
of the photometer employed. The method adopted 
of comparing the performance of any piece of 
apparatus with the average performance of a large 
number of similar pieces affords a fzirly trust- 
worthy criterion. As an example of thoroughness, 
we may quote the method applied to bulbs, where 
the plan adopted was to require the manufacturer 
to deposit 1,000 specimens from which 100 were 
selected at random, and the current consumption 
and the. candle-power of each were compared with 
the average of the whole, to determine the degree 
of uniformity attained. In this case especial care 
was necessary, since the length of life decreases as the 
efficiency increases, and the aim is to secure a bulb 
in which the efficiency is accurately adjusted to 
the length of life. It may be said here, that for 
months the lamp manufacturers could not obtain 
suitable bulbs of American design, but methods 
have now been adopted that already ensure a 
gratifying degree of uniformity and promise further 
improvement. 

The method selected for measuring the candle- 
power over the whole surface illuminated by the 
lamp is indicated in Fig. 6 where the full assembly 
of the headpiece is shown. The apparatus can be 
rotated around the axis that coincides with the 
axis of symmetry of the cone of light. The readings 
of the photometer are taken at every 2} deg. from 
the central position until the light becomes invisible. 
In this way an accurate value of the average candle- 
power can be obtained. Also the readings show 
the smoothness of distribution, while the presence 
of shadows or of areas of contrasted illumination 
can be easily detected by the eye. 

The Bureau is to be congratulated on having 
accomplished a work of great national importance 
with distinguished success. It is true that the 
certificates granted refer to types or classes, rather 
than toindividuallamps. But the tests demonstrate 
that it is possible to supply a lamp which meets all 


reasonable requirements. Trade competition can 
be safely trusted to ensure the maintenance of the 
standard set. When tests were first instituted 
deficiencies of construction or evidence of inferior 
design could be easily detected in all lamps sub- 
mitted for examination. It is not too much to say, 
that all shortcomings of whatever kind have been 
rendered innocuous and in many cases completely 
eliminated, while mechanical ingenuity combined 
with theoretical development has introduced many 
new improvements that increase the economic values 
of the portable mining lamp. We may confidently 
expect that the disease of miners’ nystagmus will 
be decreased by the use of a lamp giving improved 
illumination under conditions that do not demand 
excessive accommodation of the eye muscles. 


THE SCIOTOVILLE BRIDGE. 
By Frank W. Sxryner, M.Am.S8oc.C.E. 
(Concluded from page 390.) 


The Creeper Traveller—The creeper traveller, 
of which a photographic view is given in Fig. 34, 
Plate XLV, consisted of a steel girder platform 
about 40 ft. square, with trussed horizontal steel 
outri that increased the maximum width to 
about 67 ft. On this platform were installed two 
514-ft. derrick booms with a capacity of 50 tons 
each. 

The traveller platform had a framework of heavy 
plate girders, and it and the outriggers were pro- 
vided with a solid working floor, on which were 
installed two three-drum electric hoisting engines. 
The main booms were movable horizontally and 
vertically, and their topping lifts were connected 
to steel A-frames pivoted to the girder platform 
so as to maintain a vertical position when the 
traveller wheel base was on an incline, The arrange- 
ment described is clearly shown by Figs. 35 to 40 
on Plate XLV. 

The outriggers were extended 31} ft. in advance 
of the working platform, and their extremities were 
guyed to the top of the creeper. The derrick booms 
were rigged with hoisting tackles made with 13 
parts of }-in. steel cable, and handled maximum 
total loads of 100,000 Ib. The topping lifts, pro- 
portioned for a maximum stress of 161,000 Ib., were 
made with 19-part tackles rove with j-in. plough-steel 
cable. 

The booms were designed for a maximum stress 
of 210,000 Ib., developed by lifting a 50-ton load 
at 37-ft. radius and developing a maximum unit 
stress of 13,200 lb. per square inch. The booms 
were calculated for loads of 50 tons at 37 ft. radius, 
17 tons with 49 ft., 44 tons at 40 ft., plus an allowance 
of 3 tons for the rigging. They were intended to 
swing 10 ft. 4 in. transversely when loaded. The 
outri were proportioned for live loads of 
150,000 Ib. at the extremities. The A-frames were 
proportioned for a maximum reaction of 82,300 Ib. 
at the foot of each post. The traveller was built 
to standard bridge specifications with unit stresses of 
16,000 1b. in tension, and compression 16,000 — 70 . 
Figs. 41 to 48, on Plate XLV, show diagram- 
matically the stresses due to different loads. 

The traveller was supported, when in transit, 
on four pairs of double flange wheels running on 
tracks of 2-ft. 10-in. gauge, with the rails over the 
centres of the web of the top chords. When in 
service the traveller was anchored to the 
truss and the bearings were removed from the 
forward wheels by the operation of pairs of jack- 
screws (see Fig. 35) permanently attached to the 
girder framework and engaging cast steel blocks 
seated on the chords. 

The tops of the A-frames were provided with 
long 7-in. gudgeons at the top and bottom bearings. 
At the top these pins engaged the ks from 
the tower and between the jaws of the gooseneck 
the pin passed through a solid steel casting, that 
served as a sleeve, with a horizontal hole bored to 
take a pin engaging the riveted frame for the tandem 
sheaves of the topping lift. The mast was seated 
in a steel casting with a spherical bearing on a 
bottom casting bolted to the framework of the 








traveller. The constructive details are shown by 
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Figs. 35 to 40, on Plate XLV, and by Figs. 49 to 57, 
on page 460. 

The traveller was equipped with two three-drum, 
100-h.p. electric hoists weighing 18 tons each. 
The total weight of traveller and equipment was 
about 200 tons, and it was operated by an average 
force of 20 men. The greatest record was the 
erection of 300 tons of material in 9 working hours. 

Counterweight and Anchorage of Creeper Traveller. 
—In order to resist the moment of the boom and 
outrigger loads, the traveller when in service was 
anchored to the top chords of the completed trusses 
by yokes engaging the chords and the framework 

the traveller platform. Each yoke consisted, as 
shown in Fig. 38, of a pair of top and bottom 
channels, and two vertical bars connecting them, 
the lower ends of the eyebars engaging pins in the 
bottom channels and the upper ends having adjust- 
ment nuts set to bearing on the top flanges of the 
ehannels. When the traveller was advanced the 
eyebars on the inner sides of the chords were dis- 
connected from the lower channels, and their lower 
ends were elevated and fastened in ition to 
clear the system of lateral bracing, while the lower 
channels, pivoted about the pins through the 
outer I-bars, were dropped to a vertical position 
and held there while the traveller advanced. 

In moving the top chords from U-18 to 
U-14, the traveller descended a considerable grade, 
and in order to prevent the possibility of it Siding 
down the slope out of control it was balanced by a 
counterweight suspended from the top of the main 
post at U-20. is counterweight was a little 
heavier than was sufficient to overcome the tendency 
of the traveller to move downward, and although 
not necessarily required when the traveller was 
seated on the horizontal portion of the top chord, it 
was still used under these conditions, where it acted 
as an additional safeguard to prevent the possibility 
of any accidental movement on the traveller beyond 
the finished portion of the cantilever track. 

The counterweights consisted of a pair of steel 
transverse horizontal girders connected by cross- 
frames and supporting 20,000 lb. of rails. The 
counterweight-box extended across the full width 
of the bridge, and was supported at each end by a 
single part of }-in. plowed steel cable with a strength 
of 44,000 lb. and a factor of safety of 4.6. The 
standing part of the cable was securely clamped to 
the free end a short distance from the extremity, 
and the bight thus formed engaged a. sheave shackled 
to the end of the box. The standing part continued 
vertically upward over a fixed sheave at U-20 and 
was rove in a tackle attached to the rear of the 
creeper traveller. The line was led continuously 
from the tackle across the bridge and rove through 
a corresponding tackle in the plane of the other 
truss, the free end being similarly continued over 
a fixed sheave at U-20 and down to engagement 
with the counterweight-box. The rear end of the 
traveller was made fast by eyebars connected with 
the trusses when in service. 

Manilla tackles were also attached to the ends of 
the counterweight-box and to the trusses at U-20, 
and their lead lines were run to the hoisting engines 
on the traveller. The counterweight could be 
raised or lowered by operating these tackles which, 
of course, were made fast when the traveller was 


When the traveller was to be advanced the 
counterweight was lowered by the hoisting engine 
slacking off.on the. Manilla tackles, and the free 
-ends of the steel cables were unclamped where they 
formed the bight ing the counterweight 
connection, and were allowed to overhaul as the box 
was lowered by the engine until the required position 
was reached, when they were again clamped tight 
and the Manilla tackles slacke:i off enough to throw 
the weight on the steel cables again. The traveller 
was then advanced bythe hoisting engines winding up 
on rope tackles. is was easy since only the 
Ms yah ter hnetae ata vec mauler: 

Jigger Bridges.—These two bridges each consisted 
of two plate girders about 40 ft. long and 9 ft. 8 in. 
apart, on centres, fulcrumed on, and projecting 
ft. 3 in. beyond, the last erected floor beam. 
portion had a floor of transverse 
I-beams about 2 ft. apart decked over with 1-in. 





boards and carrying the track rails. The rear 
extremity was anchored to the top flanges of the 
permanent floor stringers by pairs of heavy hooks. 
These bridges were moved forward as soon as 
convenient after the floor steel was set under them. 
They were a great help in erection, as they enabled 
the bridge steel to be brought out under the traveller 
booms, clear of the bridge bracing. 

Work on the masonry substructure and founda- 
tions was commenced in November, 1914, the 
erection of the steel superstructure was commenced 
early in 1916 and was completed July 31, 1917. 
The erection of the steel superstructure was only 
slightly interrupted by bad weather during the 
winter months. 





THE IRON CARBON EQUILIBRIUM DIAGRAM 
AND ITS PRACTICAL USEFULNESS.* 


By Professor H. C. H. Carpenter, M.A., A.R.S.M., 
M.1.M.M. (Royal School of Mines.) 


(Concluded from page 427.) 
I. ANNEALING. 


Let us make a beginning with the operation known as 
annealing, which an immensely wide range of 
applications. So far as steels are concerned annealing 
has for its pu any or all of the following aims : 
(1) The softening of the material so as to make it suitable 
for machining or conform to certain specifications ; 
(2) the removal of internal stresses or strains due to 
previous eneeeing specntions + (3) the “refining” of 
the steel crystals which confers beneficial —- 

The manner in which the steel is treated is of profound 
importance in its effect on the results of annealing, and 
is rving of @ special exposition. Within the limits 
of this paper, however, it is impossible to attempt this, 
and I must content myself with referring to D. K. 
Bullen’s ‘Steel and its Heat Treatment,” where the 
matter is admirably discussed. On this point he says 
(page 40): ‘The manner in which the steel is placed 
in the furnace is a factor of supreme importance. It 
may even be said that three different kinds of annealing 
may be produced in the same furnace operating at the 
same indicated pyrometer reading dependent simply 
on the method of placing the stock in the furnace. 
Particular stress should be laid upon the necessity for 
getting heat to the centre and bottom of the charge, 
not only for the sake of the uniform annealing but also 
to shorten the time of absorption and lessen the time of 
exposing the top and outside s of the charge to the 
heat and influences of the chamber atmosphere. Thus 
it has been shown that a uniform chamber temperature 
does not necessarily mean a uniformly annealed product ; 
that a circulation of heat through the mass is more 
desirable than the mere application of heat from the 
outside. It is advisable to raise the charge above the 
furnace floor or hearth upon suitable blocks or supports, 
to separate each piece from the other, and to avoid 
localised heating through overloading. It is only by 
such means that there will be provided an opportunity 
for the circulation of the gases through t aneee. 
Slow, careful and uniform heating is always advisable 
regardless of the chemical composition or physical 
condition of the steels. Heating to such temperatures 
as are common in general annealing practice necessarily 
results in more or less change of physical condition or 
molecular readjustment, and the ere the hardness, 
brittleness and amount of internal strain in the metal, 
the greater will be the deleterious effect of such. heating. 
Thus objects of intricate design, or with varying cross- 
sections, or steel in a hard and brittle condition, should 
be given the greatest care in heating, in order that the 
release of strains should not cause wa or otherwise 
injure the metal. Such pieces should never be placed 
directly in a hot furnace, but should be given a careful 
preheating.” 

The Annealing of Steels with less than 0-9 per cent of 
Carbon.—The changes of microscopic structure and of 
phases when these steels are heated from the ordinary 
temperature up to the melting range have already been 
described. But there is one point of vital practical 
importance, particularly in relation to mild low-carbon 
steels, which now requires to be explained. On passing 
above the line GOS, which we may call the upper 
transformation line, the steel omes homogeneous 
austenite. If in the case of any given alloy the tempera- 
ture of the line is not greatly exceeded, e.g., by not more 
than 50 deg. C., and if the steel be thereafter cooled 
to the ordinary ‘Lemperature, whatever may have been 
the previous size of the crystals or grains, as they are 
also called, the resulting crystals will be very small. 
In other words, the steel as a whole will have been 
refined. Below the line G O S this does not occur. The 
explanation is as follows: The crystals of homogeneous 
austenite formed just above GOS are small, and unless 
they are maintained there for a long time they do not 
grow appreciably. On cooling the crystals of ferrite 
and pearlite formed from them are also very small. 
This refining effect is shown very strikingly in photo- 

ph No. 24, page 454, which I owe to the kindness of 

r. Stead, and which requires no explanation other 
than that he took some coarsely crystalline soft steel 
and heated one end to just above 1,000 deg. C. On the 
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other hand, if the temperature of the austenite is raised 
much above that of the line G OS, a coarsening of the 
structure sets in which is roughly proportional to the 
temperature reached and the time that the steel is kept 
there. This refining of the steel has a most beneficial 
effect on its properties, and results in the production of 
a material which, for a given composition, has the 
greatest tenacity combined with sufficient ductility of 
which the steel is capable. 

As, however, the temperature above G O S is exceeded, 
a weakening of the tenacity becomes apparent, even 
although for a time the ductility may be improved. 
We thus have in the refining effect a most valuable 
means not only of getting the best out of a goodsteel, but, 
what is almost more important, of restoring to its origina! 
properties a stcel which may have become very brittle 
or very weak owing to a number of causes which will 
now be enumerated. 

1. There is a form of brittleness to which very seft 
steels are liable if they are held for any considerable 
period at about 600 deg. C. This has been investigated 
very carefully by Dr. Stead, and is sometimes known 
as Stead’s brittleness. Owing to the fact that the steel 
contains very little carbide and that at this temperature 
this tends to leave patches of pearlite and segregate as 
islets of cementite, the material consists almost wholly 
of ferrite; in other words, this may be regarded as a 
pooneehy of iron rather than steel and, in fact, is strictly 
confined to very mild steels. These materials are some- 
times worked at temperatures of about 600 deg. C., 
and they develop a remarkable coarsening of grain size, 
with which the aboanentinet brittleness is associated. 

2. Mild steels, but not necessarily as low in carbon as 
the -previous, are liable to produce great coarseness of 
structure due to the formation of large grains in the 
operation which is usually called “close ing.”’ 

ese temperatures are in the neighbourhood of 
800 deg. C., that is, in the area G M O, where the phases 
present are B iron and austenite. This large grain size 
is frequently associated with brittleness or, at any rate, 
weakness, 

3. At much higher temperatures, where the steel is 
composed exclusively of austenite, and in such opera- 
tions, for instance, as the flanging of a mild steel plate, 
overheating of the material frequently occurs, coarse 
crystals are developed, and again brittleness or weakness 
results. In this case I am not including materials in 
which the temperature reached is so high that the solidus 
line AE is passed and an actual incipient liquefaetion 
of the steel takes place. About this I shall have a word 
or two to say shortly. 

In the three previous cases, however, that is to say 
whether the brittleness or weakness has been developed 
below, within, or above the critical ranges, and provide 
that the composition of the steel has not been sub- 
stantially altered by oxidation, it is possible by the 
above refining treatment to restore the steel almost, 
if not wholly, to its original good mechanical condition. 
It is thus clear that the line GOS in the diagram, far 
from being of purely scientific interest is of the utmost 
practical moment, and, in fact that this characteristic 
property which steel possesses of being refined, is capable 
of being turned to most valuable practical uses. 

A few words now as to the temperatures to which the 
steels whose compositions vary from 0 per cent. to 
0-9 per cent. carbon should be heated in order to obtain 
the best mechanical results by refining. Reduced to its 
pes se terms, this annealing operation requires the 
production of an entirely new crystalline structure, 
the constituents of which shall be of the smallest grain 
size possible, and from which all internal stresses and 
strains have been eliminated. The most suitable 
omen in any given case can conveniently be related 
to the carbon percentage in the steel, and the following 
table contains the recommendations of the American 
Society for Testing Materials with regard to this. 





Range of Carbon Range of Anneaing 
Content. Temperature. 
Per Cent. 5 ae 
Less than 0-12... 875 to 925 
From 0-12 to 0-29 840 to 870 
From 0-30 to 0-49 815 to 840 
From 0-50 to 0-90 790 to 815 
As regards the length of heating, this d ds on the 
size of the object, and must be sufficient to enable the 


whole mass of the stee] to be uniformly heated. ith 
regard to cooling, it is important that this should be at 
the right ornny certain cases it might be necessary to 


chill the steel in, for instance, a bath of oil or water, 
and in this case the new grain size and rearrangement of 
structure would be maintained. In other cases an air 
cooling might be desirable ; this, while not constituting 
so rapid a method of chilling, would be sufficiently fast 
to prevent a coarsening of the structure liable to be 
produced by slow a the furnace through the 
transformation ranges. passing through these the 
ferrite, which i to deposit below the line GOS 
either forms a network first round the austenite, and 
then round the lite grains, or else coalesces into 
irregularly-sha: masses. A moderately slow rate 
of cooling devel the network structure, while a very 
slow rate of cooling breaks it up and gives time for the 
coalescence of the ferrite. Such slow rates of cooling 
must therefore be avoided in all cases where a refining 
of structure isdesired. Moreover, air cooling has another 
important effect in determining the way in which the 
ferrite and cementite separate from the austenite. 

A word of caution is necessary, however, in the first 
place. Thin objects and those containing high carbon 
must not be so rapidly cooled as thick specimens and 
those containing low carbon, otherwise ir ductility 
is impaired. ith regard to this the American aor A 
for Testing Materials recommends as follows: Thic 


objects with less than 0-50 per cent. carbon may be 
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cooled completely in air, of course protected from rain | There are two transformation points in the solid material, 


or snow. 


Objects with 0-50 per cent. carbon or more | one along the line 8 K where the a ferrite and cementite 


and thin objects with 0-30 per cent. to 0-50 per cent, | form austenite, and the other along the line 8 E where 


carbon, may be cooled in air if their cooling is somewhat 
retarded, as, for instance, massing them together, as 
happens in the case of rails. 
air cooling gives great strength and high elastic limit, 
but somewhat at the expense of ductility. This air 
cooling generally gives the ferrite-cementite complex 
not in the form of lamellar or well-defined pearlite, 


but in the microscopically irresoluble state known as | 


sorbite, which always confers great mechanical strength 
on the steel. There is, however, one type of brittleness 
(it is very liable to occur with mild steel) which cannot 
be removed by the refining-annealing, or indeed any 
other form of heat treatment. This occurs in what is 
called “‘ burnt steel.”” This material is cold—short and 
brittle, with a coarse and even a flaky crystalline fracture. 
It has a low tensile strength, and requires the greatest 
care in forging and welding. 

In contrast to steel which has been merely overheated, 
steel which has been burnt has: been heated to such a 





x 100 
15.—Eutectoid steel quenched No. 
from 780° C., consisting wholly of 
martensite (altered austenite), 


No, 





x 100 


of carbon quenched from 950° C. 
It shows 


(1) Crystals-of martensite and 
(2) Dark cell walls of troostite. 


high temperature that it has partially liquefied; in 
other words, the solidus line A E has b2en passed. What 
happens in this case is that the liquid which forms round 
the crystals is much richer in carbon. If this were all 
that happened it would be possible to restore such a 
steel to its original condition by an appropriate heat 
treatment. But what appears also to happen is that this 
liquid tends to pass through the intercrystalline cavities 
in the metal and to collect in small pools in some of the 
larger of these cavities. Moreover, the surface of the 
steel nearly always presents a blistered appearance, 
due to the escape of gas caused by the reaction between 
the oxygen of the air and the carbon of the steel, so that 
there is nearly always some oxidation in the surface 
layers. These two facts—the segregation of highly 
carburised areas and an alteration in the surface layers 
—make it impossible to restore by any heat treatment 
such steel to its original properties. It must, however, 
be said that burnt steel indicates great carelessness 
in heat treatment, and there is no reason why with 
proper care it should ever occur. A photograph of some 
of the highly carburised pools of liquid is shown on 
page 454, No. 23. 


THE ANNEALING oF STEELS CONTAINING MORE THAN 
0-90 per Cent. Carson. Hyper-Evtectorp STEELS. 
These steels, containing as they do between 0-9 per 

cent. and about 1-5 per cent. carbon, comprise the very 

important class of industrial steels known as tool steels. 


Under these conditions | 





14.—The same as No. 
highly magnified. 





(1) White areas 
(2) Dark cell walls 


the excess of cementite dissolves to form homogeneous 
austenite. But on account of the relatively small 
proportion of free cementite in such steels, and also 
because on heating above the line 8 E there is a large 
increase in grain size, the majority of annealing operations 
are more intimately connected with the change at 8 K. 
The objects of annealing in these high carbon steels 
are similar to those in the case of the low carbon steels 
(1) The removal of internal strains and stresses set up 
by previous operations ; (2) the softening of the steel 
so as to convert it into the form most suitable for 
machining ; (3) the refining of the structure. The first 
two objects can be realised by a reheating at a tempera- 
ture below S K, namely, from about 675 deg. to 700 
deg. C. ; the third, however, is more difficult to achieve 
since the form in which the excess of cementite may 
exist is one of the governing factors. 

For refining the grain of these steels, it is necessar 
to heat to a temperature rather above the line S K. 





x 350 


1,100° C., 
martensite. 





x 100 
No. 17.—Steel containing 1'1 per cent. No, 18.—The same steel as No. 17. No. 19.—Steel containing 1°25 per No. 20.—The same steel as No. 19 


ably evenly through the steel. This spherical condition 
of the cementite renders the machining of high carbon 
steels very much easier. 


II, HARDENING. 

The fact that high carbon steels can be hardened 
by a certain heat treatment is probably the most 
important property of any metal or alloy with which 
we are acquainted. It lies at the very foundation of 
all engineering operations where machining is involved. 
And it is in regard to this that if the best results are to be 
got out of any tool the utmost attention must be paid 
to the evidence afforded by the equilibrium diagram. 
The operation of hardening tool steel involves two 
factors ; firstly, a condition obtained on heating, and, 
secondly, the retention of that condition as far as possible 
on cooling. It is therefore on the whole a more highly 
skilled art than that of annealing, where the rate of 
cooling is of somewhat less importance. 

No matter how long a tool steel is heated below the 
line LS K, and how rapidly it is quenched in water 





x 350 


13 more No. 15.—Eutectoid steel quenched from No. 
consisting 


no hardening will take place ; the steel requires to be 


x 100 
16.—The same steel quenched 
from 1,400°C. and sare. heated 
to 400°C. It shows the martensite 


passing into troostite (dark) and 
sorbite. 


wholly of 





x 100 x 100 


martensite. cent. of carbon (tool steel). quenched from 780° C. It shows 

troostite. Annealed. (1) Dark area of martensite and 
White cell walls cementite. (2) White cell walls of unabsorbed 
Dark patches ... ...  pearlite. cementite. 


If the steel has a carbon percentage only slightly above 
0-9, heating to about 750 deg. to 780 deg. C. will be 
sufficient. Such a treatment will give the finest grain 
size attainable by annealing. And even if the carbon 
content is considerably above that of the eutectoid ratio 
the annealing may still be done at about the same 
temperatures, provided that, as is frequently the case, 
the pearlite is in the sorbitic condition, in which case 
the excess of comentite is usually dissolved in it. Some- 
times, however, these steels contain the excess of 
cementite well segregated either as a network round the 
crystals of pearlite or in the form of spines. Such a 
structure means that the steel is difficult to machine 
on account of the great hardness of the cementite. 
Annealing just above the 8 K line does not alter this 
cementite ; it simply refines the pearlite. In such a 
case two operations are necessary: (1) The steel must 
bs heated above the line 8 E and then quickly cooled, 
an operation which retains the cementite in solution ; 
(3) in this condition it must then be heated for a short 
time to about 750 deg. C. ; this, while refining the grain 
size and softening the steel as a whole, does not repre- 
cipitate the cementite, provided it is.of short duration. 
The second operation may be modified +e carrying 
the reheating to a point rather below § K. is, while 
not refining the stecl, at any rate ensures that the 
excess of cementite is not reprecipitated either as spines 
or a network. What happens is that it comes out in 
the form of little nodules or spheroids distributed toler- 


heated above that line and rapidly chilled in order to 
prevent the Al inversion taking place and to produce 
a hardened tool. The hardening operation, therefore, 
requires that the steel shall be transformed into a con- 
dition corresponding to a part of the diagram above 
LS K, and as far as possible retained in that condition 
by chilling. Tt will be seen, therefore, that the utmost 
attention must be paid to the evidence afforded by the 
lines 8 K and § E over the range 0-9 per cent. to 1-3 per 
cent. carbon, which includes most of the tool steels. 
As already mentioned, austenite, as represented by 
homogeneous polyhedral crystals, is never obtained 
completely in pure iron carbon steels, even with the most 
rapid chilling from the range in which it is stable. 
Under these conditions the so-called martensite, with a 
pronounced acicular structure which hides the polygonal 
crystals, is the chief constituent obtained. This 
characteristic structure is due to the strains set up in 
the austenite by the stresses produced by rapid chilling. 
As already mentioned, if the rate of chilling is somewhat 
slower, troostite is obtained ; if it is slower still, sorbite 
results. All tool steels in the hardened and subsequently 
tempered or toughened condition contain their carbon 
in the form of one or more of these constituents. 

Iron carbon tool stee] is usually hardened at tempera- 
tures between 25 deg. and 50 deg. C. above the line 
LS K. This gives the best refinement and the maximum 
hardening effect. It must be emphasised that heating 


for hardening requires much more care than heating for 
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annealing ; the latter is nearly always followed by a slow 
or modsrate rate of cooling and the relief of stresses and 
strains; the former is followed by the severest test to 
which any steel can be put, namely, very rapid chilling 
accompanied by the ‘setting up of stresses and strains 
in it. Speaking generally, it may be said that the 
heating for hardening must be slow, uniform and 
thorough, and at the lowest temperature which will give 
th» dosired results. If the steel is not uniformly heated, 
neither will it uniformly cool in the quenching bath, 
and this is the most frequent cause of the generation of 
hardening cracks. : 

In many cases the temperature of the line 8 E is not 
exceeded in heating for hardening. This is done 
deliberately ; it would no doubt be advantageous to get 
the whole of the excess cementite into solution before 
quenching, but owing to the fact that 8S E rises steeply, 
it will be obvious that the temperature necessary to 
produce this rises steeply also with increasing carbon 
content. This means that the austenite grains grow 
rapidly and that the refining of the steel is destroyed ; 
moreover, the higher the temperature from which the 
steel is quenched, the greater will be the stresses and 
strains set up in the material. Consequently in harden- 
ing high carbon tool steel some of the cementite exists 
undisturbed in the austenite at the moment of quenching, 
and is therefore retained at the ordinary temperature. 
It is, however, as has been mentioned, a very hard 
constituent, and it contributes, therefore, to the hardness 
of the hardened tool. : 

As regards the actual medium in which the tool is 
heated, great stress must be laid on the importance of 
ensuring that as far as possible no alteration occurs in 
the composition of the steel. Formerly tools were 
heated for hardening in furnaces which, however care- 
fully the steel was protected, permitted some surface 
d.carburisation. This had a very important effect in 
that it meant that the steel was not homogeneous, and 
the proper hardening temperature for the interior would 
not be the proper hardsning temperature for the surface. 
The lead baths which were introduced as an improve- 
ment suffered from various drawbacks, and there is no 
doubt that to-day the best results are obtained by the 
use of baths of molten salts, such as, for instance, the 
chlorides of sodium and potassium. Their low specific 
gravity permits of a more active circulation of the 
heating liquid ; there is little or no vaporisation, and the 
stec! when removed for quenching is covered with a thin 
protective layer of salt. With careful temperature 
regulation of these baths, overheating of the steel can be 
— prevented. For the so-called alloy tool steels, 
where higher temperatures are required, barium chloride 
is more suitable than the chlorides of sodium and 
potassium. As regards the quenching medium, attention 
must be paid to the spetiiie kant, conductivity, viscosity 
and volatility of the liquid ; .all of these affect the rate 
of déoling, and by obtaining the most suitable com- 
bination in any given case the desired effect may be 
obtained. . %. 

TIL. Temrermesayp TouaHeEntna. 

If the tool has been que under proper conditions 
in a medium such as water, when the rete of cooling will 
have been very rapid, it is obtained in a hard, brittle, 
highly stressed condition. In this state it is so brittle 
that, except in a few cases, it will be impossible to use 
it for machining purposes. 

Tempering, which follows the hardening operation 
has two objects: Firstly, the diminution, if not the 
entite removal, of the quenching stresses ; and, secondly, 
the incipient precipitation of troostite from the stressed 
austenite (martensite). If the steel has been efféctively 
queriched, the formation of troostite begins at about 
200 deg. C. Provided the temperature does not reach 
400 deg. C., the great bulk of the steel will in this way be 
transformed into troostite, and the higher the tempering 
temperature the more complete the removal of stress 
and the transformation into troostite. These tempera- 
tures are usually judged by heating in air, when the so- 
called “temper” colours, which are really oxidation 
tints, are produced. These begin with faint yellow, 
and pass through various stages in which straw, dark 
yellow, brown-yellow, brown, purple, light blue, and 
dark blue figure. These are a very useful practical 
indication of the extent to which the tempering has 
produced, and the precise degree desired in any given 
case can thus be attained. 

For many purposes, then, the tool steel which has 
been hardened and afterwards tempered so as to be 
ready for practical work consists chiefly of troostite. 
There may, however, be cases in which it is necessary 
to carry the softening still further and to produce sorbite. 
This may be called toughening. The transition from 
troostite to sorbite is gradual, and the temperature at 
which it begins depends to some extent on the com- 
position of the steel and the extent to which it has been 
hardened. But, broadly a it may be said to 
begin at about 400 deg. C., and to continue at the 
expense of the troostite up to about 600 deg. C. In this 
condition the steel has very important mechanical 
properties, owing to the influence of the sorbite. It is 
rather less ductile than a steel of the same composition 
whose carbon is in the form of pearlite, but it has a very 
decidedly higher elastic limit and tenacity, properties 
which frequently find practical application. Rather 
under the line LS K the sorbite passes into, not the 
banded or lamellar variety of pearlite, but a beaded or 
granular form. 

Tempered and toughened steels therefore require to 
be produced in certain temperature ranges, which are 
lower than the L 8 K line in the diagram ; and the reason 
why there are no areas in the diagram to indicate the 
limits of their existence is that constitutionally they 
are the same as pearlite, although their. physical 
characteristies are strikingly different. 


* Both these constituents can be obtained in another 
way, namely, by adopting a less rapid rate of chilling 
from the hardening temperature, a rate which is in- 
sufficient to arrest the steel in the martensite condition, 
and allows it to pass on to the troostitic or sorbitic con- 
dition, as the case may be. This method has two 
obvious advantages: (1) It substitutes one operation 
for two, and (2) it does not subject the steel to such 
severe stresses in quenching, and therefore the risks of 
quenching cracks appearing are lessened. Hence the 
use of various oils as quenching media which permit of 
these retarded coolings. 


IV. Temperatures oF Hor Ro.iiine. 


Insufficient attention has been paid to this subject 
in spite of its important influence on the mechanical 
properties of the finished product. Let me illustrate the 
matter by reference to the rolling of steel rails, particu- 
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until the next pass through the rolls repeats the deforming 
process. The later ses determine the size of the 
austenite crystals and subsequently the grain size of the 
finished product. The nearer the temperature of the 
later passes is to the upper limit of the critical range 
(line GOS), the smaller will be the austenite crystal 
and the final “‘ grain size ’’ of the steel. If the rolling is 
continued down into the critical range the microstructure 
of the finished rail will show this by the distortion of the 
ferrite which is precipitated in passing through this 
range. If it is carried much below the lower limit of the 
range (line LS K) both the ferrite and the pearlite 
crystals will record this fact. By this means a skilled 
microscopist can tell whether a rail has been finished 
above, within, or below the GOS L. 

Of the 40 rails examined by Dr. Burgess every one was 
finished well above the line GOS. This was proved 
not only by measuring the temperatures in the rolling 
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No. 21.—The same steel as No. 19No. 22.—Steel containing 0°90 per cent. of carbon 


quenched from 1,100° C., showing 
homogeneous martensite. 





~ 


x 100 
No, 28.—The same steel as No. 22. 
The white areas were liquid at 
the moment of quenching. 


larlyin regard to the finishing temperatures, as to which 
important data are contained in Technologic Paper 
No. 38 of the American Bureau of Standards. ut 
what follows applies equally well pari passu to the types 
of steel in which naval architects are more directly 
interested, particularly the mild varieties which are so 
much used in ship constructional work. 

The undesirable effects of rolling either too hot or 
too cold have long been recognised, and have been stated 
many times by competent authorities in some such 
language as the following: ‘‘ Rolling steel below the 
critical stage,” i.e., below the line L § K in the diagram, 
“distorts and weakens the crystalline structure, while 
rolling and finishing at too high temperatures above the 
critical range produces a coarsely grained steel which is 
weaker than the finer grained structure obtained by 
doing work continuously on the rail down to the critical 
range,which usually lies between 650 deg. and 750 deg. C. 
for rail steels and is rarely above 700 deg. C.’’* 

Let us first consider in a general way the relation of 
the ay amas of rolling to the micro-structure of the 
steel. e ingot, as it comes to the rolling mill, has its 
constituents present in the form of grains of austenite. 
The temperature is about 1,100 deg. C., and it will be 
obvious by reference to the diagram that whatever the 
composition—usually the carbon is about 0.5 per cent. 
—that is the constituent present. The effect of the 
various passes through the rolls is to crush and shatter 
these crystalline grains. At these temperatures the 
molecules of the austenite have considerable mobility. 
Consequently any distortion of the crystalline structure 
is quickly repaired, and the crystals begin to grow again 








* Page 5 of Report No. 38. 





heated above the solidus but below the liquidus. 
It shows unhomogeneous austenite and martensite. 
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No, 24.—It shows the refining of the 
steel crystals by heating above 
the transfermation line GOS. 


mill at the final passthrough the rolls, but by the 
microscopic examinaton itself. The latter showed that 
the ferrite network outside the pearlite grain had in no 
case been distorted or broken up after being formed. 
Evidently rolling had been completed before any ferrite 
was deposited, #.e., above GOS. And in nearly all 
cases the size of the pearlite grains indicated that 
rolling had been discontinued at temperatures well above 
this, so that the parent austenite had had time to re- 
orient itself after being distorted, and to grow to a fair 
size before any ferrite appeared. : a 
Temperature measurements at the mills—experiments 
were made at four different ones—fully bear out these 
conclusions. Ingots were found to be rolled from an 
initial temperature of from 1,150 deg. to 1,075 deg. C. 
The rails were finished at temperatures which varied 
between 1,050 deg. and 880 deg. C., but usually within 
50 deg. of 935 deg. C. These finishing temperatures 
were measured at the hot saws. Heating curves showed 
that the rails each had one well-marked transformation 
point at about 730 deg. C. and a transformation range 
from 690 deg. to 650 deg. C. on cooling. Taking a mean 
finishing po eee 0 of 935 deg. C., this is no less than 
270 deg. C. above the mean critical range at 665 deg. C. 
on cooling. This is not all, however. As the centre of 
the railhead -(100-lb. section) was about 50 deg. ©. 
hotter than that of the outside, it was finished at about 
325 deg. C. above the critical range on cooling. All 
these rails could with advantage have had work done on 
them for another 250 deg. C. on cooling. wig 
Manufacturers, of course, prefer to roll their rails hot. 
It means that less power is required to operate the mill 
and there is lees wear and tear of the rolls. There can, 


however, be little doubt but that the consequence of 
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this is that rails as rolled at present do not possess as 
good mechanical properties as they might on account of 
the high finishing temperature employed, In all cases 
a smaller grain size such as is produced by finishing at 
lower temperatures could with advantage be insisted 
upon. The decided improvement both in tenacity and 
ductility due to a ' o size is well shown 
in the table below given by Sauveur.* 

What is required is a proper temperature control at 
the mill. With regard to this the American report 
says: “The problem appears to present no unusual 
difficulties from the pyrometric point of view, and can 
be solved satisfactorily in several ways, and if desired 
the temperature control may even be made automatic 
and continuous with only occasional supervision. What 
is desired is a measure of the actual temperature of each 
of the rail bars either as they emerge from the finishing 

s, or perhaps better, if we assume a constant speed 
of rolling through the rail passes, a measure of the 
temperature of the blooms as they enter the rai! mill. 
There may be some advantage in the latter procedure 
due to the fact that it permits holding a bloom if too hot 
before entering the rail passes and discarding a bloom 
that is too cold. . . There are available at least 
two reliable and convenient methods based on the use 
of optical and total radiation pyrometers which permit 
an exact measure of the temperature of a hot rail in 
motion, and possessing the further great advantage of 
not requiring any contact with the rail. ea oe 
appears clear that if it be considered desirable to control 
the temperature of rails during their manufacture the 
problem may be easily and exactly solved by means of 
several types of optical and radiation pyrometer which 
have given excellent service in other technical fields and 
also with very smali cost of installation and maintenance.” 








Grains Tenacity, Percentage Reduction 
per Tons = Elongation of Area, 
Square Inch. Square Inch. on 2 in. per Cent. 
44,000 44-2 15-0 20 
54, 44-7 19-0 22 
104,000 50-0 22-5 35 








These remarks apply with equal force to the rolling of 
the various other types of steel. In the case of mild 
steels, which are rolled in so many different shapes and 
sizes, the beneficial effect of rolling at the lowest tempera- 
tures consistent with the absence of anything that could 
be called cold work would, if possible, be even greater. 
In this case it would serve to break up the predominant 
partner—viz., a ferrite—i.e., the iron itself. To-day it 
is no more than true to say that the pyrometer and the 
microscope are not merely twin instruments of metallo- 
graphic rescarch, but are firmly established as aids in 
actual technical practice. The recent discussion at the 
Faraday Society disclosed the fact that one works alone 
in this country has some 600 pyrometers in actual] use 
in the operating departments. To whatever metal 
or alloy they may be applied, they must, if the full value 
is to be got out of them, be used in strict conjunction 
with the equilibrium diagram. Together these con- 
stitute a metallurgical trinity of unequalled power and 
effectiveness. 

I desire to acknowledge the valuable assistance of 
Miss C. F. Elam and Mr. C. C. Smith in preparing the 
photographs and illustrations which accompany this 
paper. 





STEEL Fusion WeELps.—When steel is welded by the 
aid of the oxy-acetylene blowpipe or the electric arc, 
the heating is very local and the grains become coarser ; 
this is particularly noticeable with arc-welding, in which 
heating and cooling are more rapid. On the grain 
boundaries cementite appears, sometimes pearlitic, and 
the microphotographical study of the welds also brings 
out other interesting peculiarities, to which Mr. 8. W. 
Miller, proprietor of the Rochester Welding Works, 
drew attention in the February meeting of the American 
Institute of Mining Engineers. The paper was illustrated 
by a large number of photographs. When the welds 
are etched with picric acid, the cementite turns more or 
less brown ; but some lines only become noticeable after 
prolonged boiling with picric acid or sodium picrate. 
In addition to the cementite spots, there are generally 
fine specks of oxide ; the welding also seems to introduce 
gases, nitrogen and probably hyd m, into the steel 
unless the welding rod—generally a low carbon wire of 
0-1 per cent. or 0-18 per cent. of carbon—contain 
mat or vanadium; these constituents have the 
disadvantage, however, that a slag is formed, which is 
not easily floated to the surface. The burning and agita- 
tion of the steel also lead to a change in and to hetero- 
geneity in the carbon content. Electric welds (proper 
oxy-acetylene welds generally do not) further show the 
peculiar fine lines above-mentioned, which seem to 
represent the sides of diagonals of squares. They might 
mark the intersections of the faces of trapezohedrons and 
of cubes (Howe); they might also be Neumann lines, 
observed on corroding boiler plates ; they might further 
not be Jines, but cracks. But Miller found, that they 
darkened when boiled in sodium picrate, were more 
numerous with high-carbon wire than with low-carbon 
wire, and disappeared after heating the specimen above 
750 deg. C. and then cooling at certain rates. On the 
other hand, the lines widened in steps on prolonged 
etching, which would be compatible with their being 
lines of incipient fracture along planes of cleavage. 














* Sellen, “Steel Rails,” page 424. 





MAGNESITES AND MAGNESITE BRICKS. 


At the ordinary mont meeting of the Ceramic 
Society, held at Stoke-on-Trent on March 9, a paper 
bearing the title “‘ Magnesite and Mi ite Bricks” 
was read by Mr. W. Donald, of Glasgow, the subject 
— discussed mainly from the manufacturer’s point 
of view. 

The magnesite used in this country for malting bricks 
comes from Greece and India, but the material occurs 
also in many other countries, apart from the Austrian 
deposits which before the war formed the chief source 


of supply. 
Density, porosity, tensile strength, resistance under 
load at high temperatures, and chemical composition 


of the bricks, all have an important bearing on the 
refractoriness, and control of these factors necessitates 
a full knowledge of the raw magnesite as regards mineral 
impurities and the effects of different kinds of heat 
treatment (different temperatures, different periods of 
heating, different rates of cooling, oxidising or reducing 
atmosphere, &c.) with or without the elimination of 
certain impurities or the addition of certain other 
materials. Detailed microscopic examination of both 
raw materials and finished products also gives informa- 
tion of great value, owing to the possibility of tracing 
the causes of physical changes. 

After referring in considerable detail to the mode of 
occurrence of the Austrian and Hungarian magnesite 
deposits, and to the composition and characteristics of 
the materials and bricks, the author proceeds to dea 
in like manner with Greek magnesite. The latter has 
usually more silica and lime than Austrian magnesite, 
but much less ferric oxide. The impurities present in the 
Greek gnesite, particularly the oxide of iron and 
alumina, are very irregularly distributed through the 
finely crystalline mass of magnesium carbonate, and 
the difficulty of accomplishing a satisfactory calcination 
of the material throughout in a single firing is thus 
increased. The deposits of Canadian magnesite are 
more irregular still. The author believes that careful 
selection of the material would enable Greek magnesite 
to compare much more favourably as regards silica 
and lime content, with Austrian magnesite. 

In sections of Greek magnesite bricks fired at 1,750 
deg. C. and 1,850 deg. C., the faces of the bricks nearest 
the heat were quite fused ; half an inch from that face 
the structure showed a change from small to large 
crystals, but no bad effect of heat was observed where 
large crystals had been formed. Similar sections of 
Austrian bricks showed no indication of having been 
fired at a high temperature. In the Austrian bricks 
the magma is fairly uniformly distributed through the 
whole brick, and is seen to have inter-penetra’ each 
particle. The magma in British-made Greek bricks 
is not so evenly distributed, but after spalling repeated| 
the exposed face often shows evidence of frothing with 
great porosity, caused by the impurities present in the 
ee The magnesian silicates present are bulky 
and very viscous, and though they melt at 1,550 deg. C., 
they must be almost immovable as a molten liquid even 
at 1,650 deg. C. Hence ferrous iron should intro- 
duced (Austrian magnesite, it may be remembered, has 
ferrous carbonate very evenly distributed through the 
mass). 

Dr. A. Scott has shown that magnesia compounds 
and lime compounds have ee ranging between 
1,500 deg. C. and 1,550 deg. C., and any compounds 
in which both the magnesia and the lime are included 
have melting-points 150 deg. C. (or more) lower. Lime 
should, therefore, be removed as far as possible, and the 
lime present, as well as the other impurities, should be 
distributed as evenly as possible, for which it is necessary 
that the consistency of the magma formed should not be 
such as to hinder the distribution, 

From the steelmakers’ point of view the results now 
obtained with British-m bricks used in basic open- 
hearth furnaces, pig-iron mixers, Talbot furnaces, and 
electric furnaces are on the whole satisfactory. Diffi- 
culties are still being experienced from spalling, from 
inability of the bricks to withstand the corrosive action 
of basic slag, and from inability to stand the great strain 
in the roofs of electric furnaces. In one electric furnace, 
with Greek magnesite bricks, for the same life of magnesite 
lining which formerly gave 120 heats with Austrian 
(Spaeter) bricks, 75 heats are now obtained. In another 
electric furnace the Greek bricks in the side walls show 
frothing and porosity caused by the action of the molten 
steel and the basic slag, which the Austrian bricks 
formerly used had withstood successfully. In still 
another electric furnace good results in the roof are 
obtained even with furnace hands of less experience 
than those now available. 

Generally speaking, the magnesite bricks on the 
market bélong to two main types ; one type is made 
from finely-ground material, and the bricks weigh about 
72 cwt, to 76 cwt. (sometimes to 80 cwt.) per thousand ; 
the other type is made from less finely-ground material, 
and the bricks weigh 82 cwt. to 86 cwt. (sometimes to 
88 cwt.) per thousand. Sections of the former type 
show finer particles, and on the whole a more complex 
colour scheme ; the latter show in sections greater light 
and shade between particles and magma, and che 
between the different particles. These characteristics 
were shown with the aid of a lantern, as were also the 
structure of particles and the distribution of both 
particles and magma in different bricks. Sections of 
raw and calcined eo were also shown, and by 
comparison with the latter, it was made evident that a 
large proportion of icles in British-made bricks 





remains in the state of calcined magnesite, and that the 
impurities surround the particles, rather than inter- 
penetrate as in the Austrian products. 

Sections of Indian and Greek magnesites calcined at 





about 1,250 deg. C. showed minute granular forms. 
Indian magnesite calcined in an electric furnace at 
1,750 deg. C. showed alteration, which was test 
immediately about impurity. Electrically-calci Greek 
magnesite (at about 1,900 deg. C.) showed the ticles 
completely altered about the impurity and for some 
distance round. Greek magnesite after ors 
calcination at a lower temperature in a modern shaft 
kiln under reducing conditions showed that the 

of mineral particle extended practically throughout 
mass. The massive crystalline appearance now in the 
Greek magnesite, even where there is no coloration, 
resembles the lighter portions of Austrian bricks. Some 
difference still exists, but the author firmly believes that 
the minute magnesite crystals in the raw Greek magnesite 
could be converted in the economical course of manu- 
facture into the kind of crystalline material naturally 
present in the Austrian bricks. The author feels sure the 
Austrians now calcine the magnesite in rotary kilns, 
though shaft kilns were used originally, but he thinks 
there would be great difficulties in using rotary kilns 
under proper conditions for calcining a suitable mixtune 
of Greek magnesite and ferrous carbonates. He believes 
the modern gas-fired shaft kiln can best answer the 
purpose of magnesite brick-makers who use raw materials 
in the crypto-crystalline stete. There are modern 
gas-fired shaft kilns in Greece, and also some suitable 
iron ores, and the desirability of co-operation among 
manufacturers is suggested with a view to having trials 
made in Greece on good practical lines under experien 
British management, assisted by a scientific expert 
who could accurately describe the course and result of 
each trial. In this way the possibility of obtaining from 
Greek m ite a product with properties closely 
corresponding to those of the Austrian material could 
be definitely decided. 

According to a German ym a pressure of 300 tons 
is applied in the moulding of Austrian magnesite bricks, 
which weigh 4} tons per thousand. With the pressure 

here it is possible by adjustment of the milling and 
moulding plant to raise the weight from the standard 
4 tons to 4} tons per thousand, 
main conclusions drawn by the author from 
microscopic examinations comprise the following : 
Crystal growth can take place with proper =< sagen 
of heat, and such crystal growth takes place more 
quickly and more regularly when the impurity is 
uniformly distributed through the whole of the magnesite. 
The impurity-magma should be able to inter-penetrate 
the finest interstices of the m ite particles, rather 
than to simply coat the particles, or failing this the 
ae ne oi impurities should be correspondingly less. 
f these particles are unaltered from their crypto- 
crystalline state after calcination, and bricks made from 
such magnesite are built into furnaces working at a 
white heat, the particles are continually undergoin 
alteration from the small to the large crystal state wit 
greater porosity between these crystals, until by con- 
tinued spalling of the face of the brick next the furnace 
(where the atest contraction has taken place) the new 
section of the brick with altering particles is exposed to 
the direct action of the slog, ich can penetrate the 
pores and cause frothing with greatly increased porosity. 
As in certain specimens of Greek magnesite, which had 
been calcined at about 1,750 deg. C. in modern gas-fired 
shaft kilns, the conversion of crystalline particles has 
taken place almost throughout the specimens, but 
without perfect regularity of crystal growth, it is probable 
that if the attention of the works management were called 
to this fact, the conversion of the crystal growth, from 
the crypto-crystalline state to the larger crystal forma- 
tion would be attained more uniformly. nm ferric 
oxide is present in these specimens the conversion from 
the a nee gar to the massive crystalline is much 
more regularly attained;-within ‘a cértain distange from 
the ferric oxide, and the structure is then closely cor- 
parable to that of the Austrian product. The British- 
made Greek magnesite bricks, whose micro-section corres- 
ponds most closely to the Austrian brick as regards both 
the regularity of growth and the microscopic appearance 
of the magma, are the ones which have given the best 
results in furnace linings. 

It is gratifying to report that in the course of a brief 
discussion of the paper, the manager of an important 
steel works testified to the great im: ement in British 
magnesite bricks during the past eight or nine months. 





Personat.—Messrs. J. Lord, Limited, engineers 
and furnace constructors, Crown Works, Sroemmert, 
have now engaged Messrs. J. and 8. Ogden, of ish, 
as furnace experts, in connection with the erection and 
repair of Siemens furnaces, also the bg reed melting 
furnaces and carbonising furnaces.—The Langdori-Davies 
Electric Motor Company, of 110, Cannon-street, London, 
E.C. 4, will in future be known as “ Brittain’s Eleetric 
Motor Company.” 





Tae Mrixerat Resources or Great Briraw.— 
A second edition of the third volume of the Special 
Reports on the Mineral Resources of Great Britain, 
prepared by the Director of the Geological Survey in 
response to numerous inquiries, has just published. 
In the main it is a reprint of the first edition, wherein 
the properties, uses, treatment and modes of occurrence 
of um, anhydrite, celestine and strontianite are 
dealt with. Details of the workings in all parts of Great 
Britain are given, with statistics as to output. In this 
edition some additional matter respecting deposits of 
gypsum in Nottinghamshire and Somerset, and estimates 
of the reserves of gypsum existing in the Various districts 
described, have been added. Copies, 


rice 2s., may be 
obtained bm any bookseller from Messrs. T. Fisher 
Unwin, Limited, 1, Adelphi-terrace, London, W.C, 1. 
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1;000-TON FERRO-CONCRETE MOTOR VESSEL ON THE ALFSEN SYSTEM. 
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FERRO-CONCRETE shipbuilding continues to extend 
and new concerns keep springing up for the exploitation 
of the different systems. In Budapest a company has 
been formed ak ¢ capital of 2,000,000 kr., and the 
vessels will be built according to the Riidiger system, 
which is also being used in Hamburg. The Budapest 
yard will make a speciality of 700-ton lighters for 
the Danube trafiic, for which the general shortage of 
pay gw seems to prevail. In New York a com- 
pany been formed with a capital of $1,000,000, 
sides free shares, in addition to which the mother 
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company, in this case the Norwegian Fougner Steel- 
Concrete Shipbuilding Company, also has secured some 
ordinary shares. The Fougner yard in Mcss is fully 
employed, and some time ago as many as 22 boats 

been launched. This number comprises a light- 
ship for the Ildjernsfiu ; another vessel been built 
as a tank boat and will be used for fresh water supply 
in the Christiania harbour. The company has orders 
for 15 boats and materials enough to build them. Also 
the Porsgrund yard, exploiting the Alfsen pa‘ents, 





is doing exceedingly well, and the method, of which 


PORSGRUND CEMENT WORKS, PORSGRUND, 


Fig.3. SECTION AT FRAME 28. 
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full description has been given in these columns, has 
been adopted in a number of countries, where com- 
panies have been formed under favourable conditions. 

We publish above and opposite drawings of a 1,000-ton 
vesasttoens the Porsgrund yard. Figs 1 and 2 show longi- 
tudinal section and plan of the vessel, Figs. 3 and 4 are 
cross-sections, and Figs. 5 and 6 vertical and horizontal! 
sections. The total length is 172 ft. 3 in. and the depth 
20 ft. 3 in. There are 49 frames in addition to the 


three in the overhanging stern. The motor is at the 
stern (Fig. 2) and the accommodat on for captain and 
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SEA-GOING REINFORCED-CONORETE 
BARGE. 


Messrs. J, any W. Stewart, contractors, 42, Albe- 
marle-street, W. 1, have built, in a dry dock at Brent- 
ford, a sea-going reinforced - concrete , the 

rincipal dimensions of which are the f ciate i 
ngth between perpendiculars, 150 ft.; breadth, 
24 ft. 6in.; depth, 13 ft. 6 in.; draught, 10 ft. 114 in. 
The barge has a displacement of about 900 tons and a 
deadweight carrying capacity of about 400 tons on 
an 11 ft. draught. It is divided by four watertight 
reinforced concrete bulkheads into five compartments ; 
the forward compartment is used for stores, holds and 
chain lockers, there are three central compartments for 
the stowage of goods, the aft compartment being set 
apart for the crew’s quarters. 

The barge is a towing barge for sea-going traffic, 
and is fitted with the necessary towing appliances ; 
these include a length of 5-in. wire rope held in a nipper 
of the usual type and which runs at the bottom of a 
deep groove in a cast-iron block inserted in the bows. 
A d windlass is provided forward, and a hand 
steering wheel and gear aft which operate a steel 
rudder. 

About 260 cub. yards of concrete and 65 tons of 
steel bars have been used in the building of the craft. 
The sides and watertight bulkheads are 3.5 in. thick, 
and the bottom, which is flat, has a thickness of 4 in., 
the construction being strengthened at intervals by 
internal ribs of reinforced concrete. The flooring of 
the aft compartment and holds is made of wood planks. 
A reinforced concrete bulwark, capped with a wooden 
rail, extends over a length of about 25 ft., fore and aft ; 
stanchions carrying a chain are provided along each 
side of the deck. Two wooden fenders surround the 
hull to prevent any chaffing of the concrete. All 
hawse holes and openings are surrounded by cast-iron 
linings for the same purpose. The deck, like the rest 
of the vessel, is of concrete. The three hatchway 
coamings are of reinforced concrete, covered with wood 
battens supported on built-up steel girders, and pro- 
vision is made for battening them down in the usual 





way. 

This being the first craft of its kind built in this 
country, it was thought advisable by the‘ builders to 
make it of considerable strength, and both in the 
design and in carrying out the actual work, strength 
rather than lightness or economy has been the main 
consideration. Further, in order to establish a closer 
comparison between it and other craft, it has been 
constructed on the ordinary ship lines, which, of 
course, has added greatly to the labour and cost of 
manufacturing the wooden forms to the correct 
longitudinal and transversal curves. The result has 
been the production of a ship-shape craft having also, 
as far as can be estimated, a superior strength. Pe be 

It has been built to Lloyd's regulations and under 
their inspection ; it is classified A.1 with them. 





Lieu? AND Viston--THE PuysioLocy oF THE RETINA. 

A paper on “Light and Vision,” read before the 
Uluminating Engineering Society on April 16, by 
Professor W. M. Bayliss, F.R.S., of University College, 
London, dealt particularly with the “* Physiology of the 
Retina.” Three stages, he pointed out, may be dis- 
tinguished in the phenomena which take place between 
the incidence of light on the cornea and the mental 
appreciation of it: (1) The formation of the image on the 
retina—a physical question, completely worked out, the 
only physiological component of the problem being the 
mechanism of accommodation; (2) light arriving at 
the rods and cones in the surface layer of the retina excites 
some photochemical change which, acting on the termina- 
tions of the optic nerve fibres spreading between these 
organs, sends a series of disturbances along these fibres 
to the (3) complex centres of nerve cells in the brain 
where the processes associated with the perception of 
light occur in some mysterious way. The nerve fibres 
themselves are not responsive to light energy ;_ they only 
transmit the sensation, probably acting also as relays. 
The receptor organs seem to be the rods and cones. At the 
centre of distinct vision, in the fovea (yellow spot) there 
are only cones ; near the periphery the rods predominate, 
and their functions seem to resemble those of the rods. 
According to Edridge-Green, however, it is the rods 
which secrete the visual purple, which is certainly the 
most important, if not the only, photochemical medium 
of the retina, Isolated with special precaution from 
the eyeball of a frog, this pup forms a fluid of beautiful 
red colour, which is bleached by daylight in half a minute, 
but resumes its colour in the dark. The purple is a 
colloidal liquid which stains the rods, at any rate after 
death ; it is apparently decomposed by the light which 
it absorbs, but the components recombine when the 
excitation ceases; it is not actually produced in the 
fovea, but flows in from the surrounding parts of the 
retina. The time-lag in vision, after-effeets, fatigue, 
&c., in the eye all seem to be connected with the le ; 
that the chemical change is primarily me Ned in the 
purple, and secondarily only in the & and cones, is 
according to Edridge-Green supported by the fact that 
the situation and form of the after-image can slightly be 
altered by jerking the head and thus causing the purple 
fluid to be displaced. 








NOTES FROM THE NORTH. 
Griascow, Wednesday. 

Scotch Steel Trade.—Still the pressure for the delivery 
in ever-increasing quantities of stee] of all grades goes 
on and the earnest desire of everyone engaged in the 
steel-making industry is to speed up production and 
add to the output. Meantime, of course, the entire 
lant in the West of Scotland is fully employed, as steel 
or shell bars and shipbuilding sections is in constant 
demand. Indeed, by far the larger portion of the steel 
at present being turned is requisitioned for the shipyards, 
where the activity is phenomenal. Billets, slabs and 
other semi-finished material are also greatly in demand, 
and constant inquiries are being made in res of the 
chances of early delivery. Export trade sinks further 
and further into insignificance. 


Malleable Iron Trade.—Malleable iron, like steel, 
is in such urgent demand that every mill is running to 
its utmost capacity, and makers have enormous outputs 
to their credit. Best iron is in great request for wagon 
builders, and in railway workshops where large quantities 
are dealt with. 


Scotch Pig-Iron Trade.—With the home demand for 
pig-iron for work of national importance ever on the 
increase, and licences for export being granted only 
under very exceptional circumstances, overseas ship- 
ments have tapered off. Prices, too, remain strong. 
Home rates, of course, are unchanged. 


Ironmoulders’ Wages.—The Scottish ironmoulders will 
no doubt be much disappointed at the terms of the 
award which has just been issued by the Committee on 
Production in response to the recent demand made 
by the Central I[ronmoulders’ Association and the 
Associated Ironmoulders of Scotland for an advance of 
wages of 100 per cent. on pre-war rates, and for an 
increase of 30 per cent. on all pre-war piece prices jobs. 
The finding of the committee does not favour the men, 
as in their estimation present conditions do not warrant 
any such increase of wages as that advocated, although 
they have sanctioned an advance on piece-work prices, 
suggesting that the advance of 10 per cent given in 
March, 1915, be raised to 17} per cent. 


Scottish War Weapons’ Week —The returns in con- 
nection with the Scottish War Weapons’ Week have 
now been completed, showing a most gratifying result. 
A sum of 10,000,000/. was aimed at—an average of 
21. 10s. per head of the population—but this has been 
considerably exceeded, the net result of upwards of 
17,000,000/. coming out at rather over 4/. per head. 
Glasgow’s contribution of 3,012,466/. tops the list, and 
is some 500,000/. odd over what the Second City expected 
to raise. The tombola organised by the Tramways 
Department raised 65,0001., nearly 10,0001. of which 
will be expended upon local war charities and comforts 
funds, while on War Savings Certificates a sum of 
50,3751. was expended. 





Gas WorkKS Retort Carson, &c., ConTROL OnDER.— 
An Order of the Minister of Munitions dated April 19 
provides that until further notice no person may use, 
or trade in, gas works retort carbon, coke-oven carbon 
or pitch coke, without a permit. The order of January 10, 
1917, relating thereto is cancelled, but the previous 
operation of that Order or the validity of any action 
taken thereunder or the liability to any penalty in 
respect of contravention prior to cancellation is not 
affected. Applications for permits should be addressed 
to the Controller, Non-Ferrous Materials Supply, 
M.S./R./C.L. Ministry of Munitions, 8, Northumberland- 
avenue, W.C. 2. 





GerMaN War Prorits anp Waces.—The Consolida- 
tion Mining Company, Gelsenkirchen, last year earned 
10,753,582 marks gross profit, against 10,558,288 marks 
the previous year. Of this sum, 7,500,000 marks were 
for coal and 1,500,000 marks for coke and auxiliary 
products. The average cost of labour in the coal-mining 
industry has risen from 5-68 marks per shift in July, 
1914, to 9-92 marks in September, 1917, during which 
period the price for coal has risen 9 marks per ton. 
A reserve, principally for war tax, of 1,275,000 marks, 
was set aside. e net profits available amounted to 
5,181,993 marks, against 4,950,925 marks for the previous 
year, and the shareholders again receive 22 per cent. 
The company’s holdings of stocks has increased by 
4,000,000 marks, war loan, &c., and the loan to the Fiirst 
Leopold Gewerkschaft has risen to 16,700,000 marks. 





RAILWAY BETWEEN British MALAYA AND S1am.— 
Latest advices from the Far East are to the effect that 
the railway connecting British Malaya with Siam was 
nearing completion, and it was expected that through 

nger traffic between Singapore, Kuala Lumpur, 

enang and Bangkok would begin on April 1. As a 
matter of fact, trains conveying high officials in both 
countries have already been run over the line between 
Kuala Lumpur and Bangkok, and it is only the difficulty 
of obtaining certain ironwork that has prevented an 
earlier opening of the line to general traffic. One bi 
iron bridge on the Siamese side had not been completed. 
The basal portion had been laid, however, and efforts 
are being made to get the ironwork fixed up as soon as 
possible. The completion of the through railway is 
expected to have an appreciable effect on the Federated 
Malay States food problem, as the Siamese authorities 
are anxious to send through as much rice and other 
foodstuffs as possible once the railway is open. Owing 
to the shortage of rolling-stock, due to the war, the 
a service will be a modified one at first, and it is 
not likely that there will be more than one passenger 
train daily each way till the war is over. 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
* Iron and Steel.—Taking a general survey of the trade 
position in Sheffield, one is confronted with a prospect 
of a somewhat unsettled character. Great activity 
prevails in departments concerned with the output of 
steel for yp ape aircraft and tanks, and in other 
sections of the trade, while the operations are brisk, the 
orders are on the short side. At the heavy steel works 
the output chiefly consists of acid steel. Forges and 
mills are working unceasingly, and inquiries for heavy 
castings are numerous. In the crucible steel department 
conditions are not too satisfactory. It is this depart- 
ment to which greater freedom for exports would have 
come as a distinct advantage. The resolution of the 
Government not to relax the restrictions has occasioned 
disappointment in crucible-steel cireles where makers are 
now able to produce more than they can sell. There is 
apprehension that trade connections may be affected, 
if not irretrievably lost. In the shell department a 
number of the sub-contractors have completed the 
orders entrusted to them, but as contracts have not been 
renewed they have turned their attention elsewhere 
for work to keep their plant in use. Less cupro-nickel 
is being asked for, and there is a certain quietness about 
the demands for some classes of tools. There has been 
a decline in the demand for railway springs, but that 
is more than made up for by the great quantities of 
spiral and laminated springs for automobiles and other 
vehicles which are being asked for. 


South Yorkshire Coal Trade.—The effect of the Easter 
stoppage in the pits has not yet been thorouzhly 
eliminated from the coal trade. All classes of coal for 
manufacturing purposes at home are in very great 
demand, and if supplies are forthcoming that demand 
will increase. Exports show little or no change. Gas 
fuels are being keenly sought. Business is confined 
to contracts. Considerable congestion has occurred 
at collieries where the order books both for contracts 
and for open market sales are pretty full. Quotations :— 
Best branch handpicked, 23s. to 248s.; Barnsley best 
Silkstone, 23s. to 23s. 6d.; Derbyshire best brights, 
21s. to 22s. ; Derbyshire house coal, 188. 6d. to 19s. 6d. ; 
best large nuts, 18s. 6d. to 19s. 6d. ; small nuts, 17s. 6d. 
to 18s. 6d. ; Yorkshire hards, 18s. 6d. to 19s. 6d. ; Derby- 
shire hards, 17s. 9d. to 188. 9d.; best slacks, 14s. to 
14s. 6d.; seconds, 13s. to 138. 6d.; smalls, 98. to 10s., 
per ton at the'pit. 





MusicaL INSTRUMENTS SCIENTIFICALLY CONSIDERED. 
—In addition to the Royal Institution discourse on 
“* Vibrations—Mechanical, Musical, Electrical,” which 
we noticed on page 432 of last week’s issue, Professor 
E. H. Barton, F.R.S., of Nottingham College, also gave, 
on the last two Saturdays, two very instructive lectures 
at the Royal Institution on ‘‘ Musical Instruments 
Scientifically Considered.’’ So far the subject does not 
concern the scientific instrument maker and the engineer. 
But it is certainly high time that science should more 
actively remember its indebtedness to the musical crafts- 
man. How and to what extent the parts of a violin, a 
piano, a horn, &c., modify the tone the instrument is 
to give is very imperfectly understood, and men like 
Professor Barton fully recognise that they are confronted 
hy problems that require a life study. In a measure 
that is perhaps as well. If musical instrument makers 
were to adopt hasty, pseudo-scientifie advice, the har- 
mony of our cherished old music might strangely be 
disturbed, and exaggerated modern musical eccentricities 
too powerful already, might predominate. 





LossEs oF MERCHANT TONNAGE.—The losses of British, 
allied and neutral merchant tonnage due to enemy action 
and marine risk are. set out in the table below. The 
British tonnage lost in March was 216,003 tons, as against 
254,303 tons in February, and 217,270 tons in January. 
It will be seen that the average losses per month this 
year are much lower than last year; in some cases less 
than half :— 

















Gross Tonnage. 
Allied and 

Period. British. Neutral. Total. 
Quarter. Quarter. Quarter. 

1917 ; " 
January to March 911,840 707,533 1,619,373 
Aprilto June .. --}| 1,361,870 875,064 2,236,934 
July to September oe 952,938 541,535 1,494,473 
October to December .. 782,889 489,954 1,272,843 

1918 

January to March 687,576 435,934 1,123,510 











The tonn of steamships of 500 gross tons and over 
entering — clearing United Kingdom ports from and to 
ports overseas was as under :— 


Period. Gross 
1917 Tons. 
October 6,908,189 
November 6,818,564 
December 6,665,413 
1918 
January 6,336,663 
February 6,326,965 
March. . 7,295,620 


This statement embraces all United Kingdom seaborne 
traffic other than coastwise and cross-Channel. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron is quiet. Buying, on home account, under the 
allocation system, has been practically completed for 
this month, and interest centres mostly in the question 
of distribution under existing contracts. With the 
improved truck supply, deliveries for April are fairly 
heavy, but even yet the wagon situation leaves much 
to be desired. A zood inquiry for forge iron is reported, 
but as furnaces are working well, the quantity of this 
quality produced is not large. Export transactions are 
on only a very limited scale, and shipments are poor 
with the exception of those to France, which are well 
maintained through official channels. For home con- 
sumption, No. 3 Cleveland pig-iron, No. 4 foundry and 
No. 4 forge all stand at 95s., and No. 1 is 99s.; whilst 
for shipment to France and Italy, No. 3 and the lower 
qualities are 114s. and No. 1 is 119s. 


Hematite Iron.—In the East Coast hematite branch 
all home needs are adequately coyered, and some surplus 
iron is available for export whenever cargo space can be 
arranged, foreign trade being entirely governed by the 
tonnage situation. The quantity of basic iron used for 
steel-making is now very large, and this has greatly 
relieved the stringency in hematite. Nos. 1, 2 and 3 
hematite are 122s. 6d for home use, and 147s. 6d. for 
export to France and Italy. 


Manufactured Iron and Steel —In the finished iron 
and steel industries production is on an enormous scale, 
and is still growing, output of shipbuilding material 
being especially heavy. With manufacturers still fully 
employed on Government contracts and work for the 
shipyards, little opportunity is afforded for the transaction 
of ordinary commercial business. Prices, all round, are 
very strong. The following are among the principal 
market quotations :—-Common iron bars, 131. 17s. 6d. ; 
best bars, 141. 5s.; best best bars, 14/. 12s. 6d ; iron 
ship plates, 151. 10s.; iron ship angles, 13. 17s. 6d. ; 
steel bars (no test), 15/.; steel ship plates, 11/. 10s. ; 
steel ship angles, 11/. 2s. 6d. ; steel boiler plates, 12/7. 10s. ; 
steel joists, 111. 2s. 6d.; steel hoops, 17/. 10s.; heavy 
steel rails, 10/. 17s. 6d. ; packing iron and steel (parallel), 
132. 10s.; and packing iron and steel (tapered), 171. 
There are no fixed prices for export, but approximately 
they may be given as 2/. to 3/1. per ton above home 
quotations. 


A Shipbuilding Deal.—As the outcome of a meeting 
this week of the directors of Messrs. W. Harkess and 
Co., Limited, the share capital of that firm has been 
transferred to two Cardiff gentlemen, and Mr. A. M. 
Ingledew and Mr. A. D. Greatrex become members of 
the board of directors in the place of Mr. Robert Mitchell 
and Mr. T. W. Ridley, who retire. Hitherto the share 
capital has been entirely held by the Harkess family 
and their friends, and it is understood that the transfer 
of shares will involve no change in the title of the firm 
or in the management of the establishment. Mr. N. 
Harkess will continue in his position as managing 
director, and Mr. Adam Weatherhead, who has for 
many years been associated with the concern, will 
retain his interest in the business. The shipyard, 
though small in extent—the building capacity being 
some 8,000 tons per annum—is one of the oldest on the 
Tees, having been established by the late Mr. W. Harkess 
in 1853. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

Cardiff—The demand for coal, especially the 
best qualities, continues undiminished, and practically 
all the Admiralty collieries are ——s to their fullest 
extent. Collieries producing the more bituminous coals 
are also well off, and the outlook on the whole is now 
no less promising than it was at the beginning of last 
week. fn these circumstances it is feared that it will 
be difficult, if not impossible, for collieries to observe 
their obligations under the scheme recently brought into 
operation for the allocation of orders. The policy to 
which salesmen are as strongly committed as ever is that 
of taking the fullest possible advantage of the prevailing 
advantageors conditions. It may be possible for them 
later on to adjust production to the quantities allocated 
to them, but they decline to allow the outputs of their 
pits to be prejudiced by any domestic arrangement for 
the equalisation of orders, and will only agree to restrict 
outputs when there is no means available to lift their 
coal. The District Coal and Coke Supplies Committee 
further considered the problem of allocation at their 
meeting on Monday, but while it is the intention of the 
committee to adhere to the scheme, the members do not 
disguise the fact that the continuation of existing 
conditions may call for either the abandonment of the 
scheme or a drastic alteration in its conditions. Smalls 
are also relatively scarce, particularly those of the coking 
descriptions, while the supply of bunkers continues below 
requirements. There is a good supply of pitwood, 
both imported and home grown, deliveries being quite 
satisfactory, while reports from the iron works indicate 
a fair supply of iron ore. 


Newport.—The demand of the authorities for Mon- 
mouthshire steam coals is fully maintained. It was 
reported yesterday that in one or two cases collieries 
were handicapped by a bad distribution of empties, but 
it is difficult to understand why any colliery should not 
now be regularly supplied with wagons when they are in 
such comparative abundance. The arrangements with 
regard to the transport of an increasing quantity of 
coal from Newport to Bridgwater by water are being 
made, but have not yet been completed. The main 
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uestions at issue are the adjustment of prices and 
the creation of factors’ zone systems in the South- 
Western Counties, and these are now the subject of 
negotiation with the Controller of Coal Mines. 
demand for the inland market is good, and at the moment 
there are no signs of a falling-off even in the inquiries 
for coal for house consumption. 


The Supply of House Coal.—The question of the 
supply of house coal was considered by the South Wales 
Coal and Coke Supplies Committee at a meeting held on 
Monday. It was decided to make representations to 
the Coal Controller that South Wales be excluded, at 
least for a time, from any system adopted for the 
rationing of house coal, inasmuch as collieries in the 
South Wales coalfield, under the scheme for the alloca- 
tion of orders, are only allowed to produce a permitted 
output. The committee, however, desired to urge upon 
all consumers the importance of stocking coal during 
the summer months as far as ssible, in view of 
anticipated transport difficulties and shortage of labour 
in the winter months. It was further intimated by the 
secretary, on behalf of the committee, that consumers 
should distinctly understand that the quantities of first- 
grade house coal are very much reduced owing to the 
number of men now being taken from the mines, and 
that they will be still further reduced when the additional 
number of men are called up. Householders, therefore, 
must be willing to accept second grade, and even third- 
grade house coal and anthracite coal. The committee 
also desire to emphasise the importance and absolute 
necessity of consumers agreeing to take such coal. 


Transport by Rail of Coal for Shipment.—There were 
issued to-day by the South Wales Coal and Coke Supplies 
Committee the Directions of the Controller of Coal 
mines as to the transport by rail of coal for shipment 
from collieries in South Wales and Monmouthshire. 
It is laid down in the directions that (1) except with the 
consent of the Controller of Coal Mines no person shall 
supply coal from any of the collieries specified in an 
appended schedule to be forwarded by rail for shipment, 
whether as cargo or bunkers, at any port between 
Newport and Burry Port inclusive, except in accordance 
with these Directions. (2) Coal shall not be supplied 
from any of the collieries specified in the schedule to be 
forwarded by rail for shipment, whether as cargo or 
bunkers, at any port between Newport and Burry Port 
inclusive, other than the port or ports specified in the 
schedule from the colliery in question. {3)Where coals 
are mixed they are to be shipped at the port or ports 
specified in the schedule for the colliery supplying the 
largest portion of the cargo ; provided that mixed cargoes 
of small coal may, when necessary, be shipped at the 
port most convenient in the circumstances. (4) Mon- 
mouthshire coal for bunkers may be shipped at either 
Cardiff, Penarth or Barry when the cargo of the steamer 
taking the bunkers is ordered to be shipped at these 

orts. (5) These Directions shall not apply to coal 
orwarded for shipment in accordance with instructions 
given by the Admiralty. It may be added that the 
guiding principle underlying the whole scheme is that 
coals must be taken to the ports which are most easily 
accessible to the producing collieries. For example, 
collieries in the Western part of the coalfield are directed 
to forward their coals to Swansea, Port Talbot, Neath, 
Briton Ferry, Lilanelly or Burry Port. Those collieries 
which are situated in a line east of Bridgend, such as 
the Rhondda Valley, are directed to send the coal to 
Cardiff, Penarth or Kou, and Monmouthshire collieries 
to Newport. It will thus be seen that the object aimed 
at is to economise transport, and particularly to relieve 
the congestion on the Great Western Railway. 








Sincte-Pxase 1,200-n.p. Goops Locomortives.—On 
the Magdeburg—Halle—Leipzig railway, one of the busiest 
lines of Central Germany, three 1,200-h.p. locomotives 
were recently introduced for dealing with the goods 
traffic. Since then 27 new locomotives have been 
ordered. The engines are built by the Allgemeine 
Elektrizitats-Gesellschaft and are worked by single-phase 
currents of 13,500 volts and 16% — per second. 
Each engine carries two motors; the speed is 50 km., 
about 30 miles, per hour. 





WoLtrrRaM, MOLYBDENITE AND BISMUTH IN QUEENS- 
LAND.—The chief centre of the production of the three 
minerals, wolfram, molybdenite and bismuth, in Queens- 
land is the Cairns hinterland, which includes the 
Herberton and Chillagoe mineral fields ; and an important 
factor in the recent history of this part of Queensland has 
been the erection at Bamford of a State reduction and 
concentrating plant for the treatment of ores containing 
wolfram, wolfram-bismuth, molybdenite and all three 
minerals combined. The chief producers of pure 
wolfram in the Herberton district—and indeed within the 
Commonwealth—are the Mount Carbine Mines, where 
the increased output has not detracted from their future 
stability. The magnitude and quality of the Mount 
Carbine wolfram deposits are worthy of more serious 
consideration than they have yet received as regards 
cheaper power for mining and milling purposes, 
centre now ranking second among the greater producers 
of wolfram is Wolfram Camp, or Wolfram, but there it 
is always in association with bismuth and molybdenite, 
the product generally being a mixture of bismuth and 
wolfram. While special prominence cannot this year 
be claimed for any individual mine, amongst the foremost 

roducers may be ranked the Murphy and Geaney, 
Larkin and Wade, Hughes, and Tully Tribute, while 
ood and consistent patches have been worked in the 

terprise, Mount Maguire, Leisner’s Wolfram Block 
and several others. s 
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NOTICES OF MEETINGS. 


Tue Junior Institution or EncGinerers.—Friday, 
April 26, at 8 p.m., at 39, Victoria-street, Westminster. 
Lecturette, “* os Chambers and Heat Insu- 
lations,” by Mr. E. C. West. 

Tue Puysicat Society or Lonpon.—Friday, April 26, 
at 5 p.m., at the Imperial College of Science, Imperial 
Institute-road, South Kensington, 8.W. Agenda: 
1. “Notes on the Pulfrich Refractometer,” : 
J. Guild, A.R.C.8S., D.I.C. (of the National Physical 
Laboratory). 2. “On the Accuracy Attainable with 
Critical Angle Refractometers,”’ by Mr. F. Simeon, B.Sc. 
(of Adam Hilger, Limited). 3. ‘ Cohesion” (fourth 
paper), by Professor Herbert Chately. 

Tse Junior InstrrvuTion oF ENorngers; Norrta- 
Eastern Section.—-Tuesday, April 30, at 7.15 p.m., 
at the Miner’s Institute, Newcastle-on-Tyne, papers 
will be read on “Synchronous Clocks” and “ 
Soldering of Aluminium.” 

Tur Royat Society or Arts.—Tuesday, April 30, 
at 4.30 p.m.: Colonial Section: “ British Guiana,” by 
Sir Walter Egerton, K.C.M.G., LL.D., Governor of 
British Guiana, 1912-17. Sir Everard im Thurn, 
K.C.M.G., C.B., will preside. Wednesday, May 1, at 
4.30 p.m.: Ordinary meeting: “‘Sugar from Several 
Points of View,” By Mr. George Martineau, C.B. The 
paper will be read by Mr. Edward R. Davson, President 
of the Associated West Indian Chambers of Commerce. 
Thursday, May 2, at4,30 =. : Special Lecture; ‘* The 
Freedom of the Seas,” by Mr. Gerard Fiennes. Mr. J. L. 
Garvin will preside. Lecture I—Freedom Without Law ; 
Law Without Freedom ; Law and Freedom. 

Tue Norrs-East Coast InstiTuTION OF ENGINEERS 
AND SHIPBUILDERS.—Tuesday, April 30, at 7.0 p.m., 
in the Lecture Theatre of the Literary and Philosophical 
Society, Newcastle-on-Tyne. “ re Internal- 
Combustion Engines,”’ by Mr. Harry R. Ricardo. 

Tue Institute oF Metais.—Thursday, May 2, at 
5.30 p.m., at the Institution of Civil Engineers, Great 
George-street, Westminster, 8.W. 1, the Eighth Annual 
May ture will be delivered by the Hon. Sir Charles A. 
Parsons, K.C.B., F.R.S., on “The Formation of 
Diamond.” 

Tue Iron anv Street InstitTvTe.—Annual meeting in 
the House of ‘the Institution of Civil Engineers, on 
Thursday and oat May 2 and 3. Thursday, May 2, 
at 10.30 a.m., general meeting of Members. The Council 
will present their Report for the year 1917, and: the 
Hon. Treasurer will present the statement of accounts for 
1917. The retiring President (Sir William Beardmore, 
Bart.) will induct into the chair the President-elect 
(Mr. Eugene Schneider). Mr. Schneider will present the 
Bessemer Gold Medal to Sir William Beardmore. The 
President will deliver his Presidential Address. Papers 
Nos. 2 and 4 will then be discussed. Adjournment of 
meeting. 2.45 p.m.: Papers Nos 5, 3, 6 and 7 will be 
discussed. Adjournment of meeting Friday, May 3, 
10.0 a.m.: Papers Nos. 10, 13, 12, 11 and 18 will be 
discussed. Adjournment of meeting. 245 p.m.: Papers 
Nos. 14, 15, 17 and 16 will be discussed.—1, Presidential 
Address by Mr. C. Eugene Schneider. 2. Report of the 
Blast-Furnace Committee, “ Practical Points affecting 
Yield and Efficiency ot Blast furnaces.”” 3. “‘ Importance 
of Coke Hardness,” by Mr. G. D. Cochrane. 4. ‘*‘ Economic 
Value of the Jurassic Iron Ores of Great Britain,” by 
Dr. F. H. Hatch. 5. ‘‘ Fuel Economy in Blast Furnaces,” 
by Mr. T. C. Hutchinson. 6. “‘ Note on Use of Copper 
Tuyeres,” by Mr. A. K. Reese. 7. ‘‘ Potash Recovery 
from Blast Furnaces,” by Mr. Kenneth Chance. 
8. “Blast-Furnace Bears,” by Dr. J. E. Stead. 
9. “*Technical Aspects of the Establishment of the 
Heavy Steel Industry in India, with Results of some 
Researches connected therewith,”’ by Dr. A. Maewilliam. 
10. “ Production of Sound Steel by Lateral Compression 
of the Top Portion of the Ingot,” Zz Mr. B. Talbot (not 
available for distribution). 11. “Steel Ingot Defects,” 
by Mr. J. N. Kilby. 12. “ Notes on Inclusions in Steel 
and Ferrite Lines,” by Dr.eJ. E. Stead. 13. “ Non- 
metallic Inclusions in Steel,”” by Mr. A. MeCance. 
14. “A Cause of Brittleness in Mild Steel Boiler Plates,” 
by Dr. W. Rosenhain and Mr. D, Hanson. 15. “ Effect 
of Mass on Heat Treatment,” by Mr. E. F. Law. 
16. “‘ Effect of Cold Work on the Divorce of Pearlite,”’ 
by Mr. J. H. Whiteley. 17. “ Effect of Cold Working 
on the Elastic Properties of Steel,”” by Mr. J. A. Van den 





Broek. 18. “Iron, Carbon and ee by 
Dr. J. E. Stead. 19. ‘“ Damascene Steel,” by Colonel N. 
Belaiew. 20. “‘ Protection of Iron with Paint against 


Atmospheric Corrosion,” by Dr. J. N. Friend. 21. 
“ Determination of Cobalt and Nickel] in Cobalt Steel,” 
by Mr. W. R. Schoeller and Mr. A. R. Powell. 


Tue InstiruTiox oF MECHANICAL ENGINEERS, 
Friday, May 3, at 6 p.m., at the Institution of Civil 
neers, Great George-street, 8.W. The paper on 
“*War Work of Women on Munitions Production in 
Engineering Shops,” by Mr. Ben. H. Morgan, announced 
for the last meeting will be read and discussed, and the 
discussion on Miss Monkhouse’s paper on “The Employ- 
ment of Women in Munition Factories” will be concluded. 
Tae Royat Institution or Great Brirain,— 
Wednesday, May 1, at 5 p.m., annual meeting. Friday, 
May 3, at 5.30 p.m., a discourse will be delivered by 
Sir George Greenhill ; the subject will be “ The Spinning 
Top in Harness.” Afternoon Lectures at 3 p.m. :— 
Tuesday, April 30: Professor Arthur Keith, M.D., 
F.R.S., Fullerian Professor of promis at the Royal 
Tnstitution, on ‘ Cave-Hunters ” (Lecture II). Thursday, 
May 2: Sir Isambard Owen, M.D., LL.D., on “‘ Rheims 
Cathedral”’ (Lecture II). Saturday, May 4: Professor 


H. F. Newall, D.Sc., F.R.S., on “* Modern Investigation of 
the Sun’s Surface ”’ (Lecture IT). 
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MAN-POWER AND PROTECTED 
OCCUPATIONS. 


THE passage of the Military Service Bill and the 
issue of the first Proclamation under the Act define 
a new stage in men’s liability to military service. 
To engineers it will be remarkable chiefly for the 
fact that, except for a qualified assertion of the 
clean cut up to 23, protection within their trades 
remains as it was. A man logged as belonging to a 
protected calling and engaged on it for war purposes 
continues to be exempt from military service. 

Whether this provision is consistent with using 
man-power to the utmost extent depends obviously 
on whether men of military fitness are allowed to be 
engaged on war work in protected occupations when 
it could be done by others. Manufacturers know 
in the way of business that the country needs a 
maintained or increased output of war supplies ; 
but as citizens they know also that it needs men 
for the service of its armies. The recent course of 
the war seems to Show plainly that if these men 
had been recruited a year ago, the army might have 
held a better line in France than it holds to-day, 
and have paid a less toll. The warning that more 
men would be needed came long ago. At the end 
of 1916 the Commission on Man-power advised the 
Government of the need for large increases ; and in 
the course of last year attention was repeatedly 
drawn in these columns &nd elsewhere to the fact 
that a large number of mefi of military age appeared 
to be retained in protected occupations when they 
could be replaced by women without injury to 
output. 

Some improvement has presumably taken place 
in this respect; but information from all parts 
of the country, confirming what we have seen 
recently with our own eyes in the Birmingham 
district, leaves no doubt that far more men are still 
retained in munition trades when they could be 
replaced without loss of output than should be 


1| tolerated in any circumstances of general con- 
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Administrative authorities nowadays 
have constantly to deal with problems that in kind 
or in scale are beyond all precedent. The situation 
is unavoidable. It gives no ground for cavilling 
at what events may show to have been errors of 
administration, or even for trying to avoid incidental 


4og | mistakes by seeking the worse evil of a divided 


control. But it does impose on those who know 
the facts the duty of expressing them plainly for 


468|the information, not alone of the public, but of 


authorities to whom they may at best be accessible 
only at second-hand. 

It is not too much to say that in some branches 
of the engineering trades no adequate attempt seems 


472|to have been made to apply the labour of women 


to the purposes for which it could be used. This 
default is apparent notably in shipbuilding and 
marine engineering. Competent observers have 








remarked that British industry would have a better 


chance of doing itself justice if it could apply to 
the purpore of getting things done a fraction of the 
ability, resource and determination with which 
it sometimes sets itself to prevent them from being 
done. The position of shipbuilding and marine 
engineering to-day in respect of the employment of 
women is indeed a case in point. The application 
of this measure in these trades has been sturdily 
and successfully opposed ; and whether the credit 
is due to the leaders of the industry or the workmen 
or the Government Departments concerned, the 
result is that shipyards and marine shops have 
gone on without as large population of willing 
women workers as might have been added to its 
staffe. The country’s shipping is notably below 
what it might have been if its resources in man- 
power and woman-power had been used fully. 

The default is seen eminently in these industries 
because of their size, their importance, and the 
powerful Government backing which has enabled 
them to maintain their conservative attitude ; but 


‘| it penetrates a large number of other branches of 


trade. In these branches women are not excluded 
s0 consistently from the shops, but the extent of 
default that is avoided by their partial or occasional 
admission is more than offset by the width and 
variety of the industries infected. Evidence enough 
was to be seen even in the Birmingham district, 
where in many shops advantage has been taken 
of women’s work, both before and during the war. 
It has long been clear, for instance, that women 
can be trained in a relatively short time to do 
machine work of the closest accuracy. The 
impression that their powers are limited to auto- 
matic-machine minding or even to strictly repetition 
work, natural though it may have been at the 
outset, has long been known to be unfounded. In 
some shops accordingly they are making small tools 
to exact sizes. In others they are acting as tool- 
setters. Yet in the tool-rooms and among the 
tooleetters in works upon works of the Birmingham 
district not a woman is to be found; and what 
is true in this respect of Birmingham is paralleled 
by instances from most other parts of the country. 
Here and there, again, a foundry is seen to be 
employing women with success on moulding by 
hand and by machine ; yet in spite of the unpre- 
cedented volume of long runs, undoubtedly favouring 
the employment of newly-trained labour and the 
provision of lifting appliances to help out inferior 
muscle, few foundries seem to be making much 
appreciable use of women. Men, again, are found 
in great numbers, clinging to trumpery operations of 
sheet-metal working which in their very nature 
seem more fitted to women than to the hefty fellows 
who are engaged on them. Shopfuls of men may 
even be found filling cartridges, while in other 
shops women are doing the same work as well or 
better. We can only quote a few examples where 
the Government should know quantities ; but the 
examples that have come under our notice are such 
and so numerous, and from shipbuilding to the 
manufacture of aero engines and aircraft cover so 
large a number of trades, as to leave no doubt 
that they represent a vast enclave of man-power, 
detained needlessly in industries where it could 
be replaced by women. 

The primary reason alleged in extenuation of 
this state of things is that all the output of the 
trades in which the men are engaged is wanted 
for urgent war needs. The statement is not to be 
doubted ; but it begs the question, which is whether 
some—apparently in the aggregate a large number 
—of these men are not doing work that could be 
done by women. No one proposes to reduce 
output ; but if women can produce it, as now is 
beyond question, they can replace men, and the 
men so replaced can go either to work that women 
cannot do, or, like their comrades in other occupa- 
tions, to military occupations. 





“WAR USURY” IN GERMAN 
INDUSTRIES. 
To those who have watched recent industrial 
developments in Germany, it has often been a 
matter of wonderment, that undertakings engaged 


| in war contracts should have been allowed to earn 
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such extravagant profits. The explanation is 
probably to be looked for in the privileged position 
enjoyed in Germany by the “heavy” industries, 
and by the exceptional and powerful influence 
which half a dozen of the leading men within the 
iron, coal and steel trades, and one or two other 
branches are allowed to exercise. The matter has 
not been allowed to pass unnoticed by the more 
liberal portion of the press, but this criticism has so 
far been unavailing. Until the subject was 
brought before the chief committee of the Reichstag 
no attempts were made to put a stop to such abuse. 
The immediate occasion was a report presented by 
the second sub-committee on the prices charged 
and profits earned by concerns supplying the 
weapon and munition department ; more especially 
as regards motor cars. 

It was pointed out that manufacturers of cars 
made excessive profits, expecially those engaged 
on standard types. In this connection special 
reference was made to the Daimler works. A former 
employee of this firm had stated, that the Daimler 
works had purposely mystified their accounts. 
This caused a commission to be sent to Stuttgart 
in order to look into the matter. Several of the 
works favoured with army contracts declined to 
furnish sufficient material for a subsequent inves- 
tigation of the prices charged. The Daimler under- 
taking was found to have earned 4,000,000 marks 
per month above their normal profits and yet 
demanded higher prices for their motors. It was 
stated, that the military authorities had the right 
to have the business books placed at their disposal. 
But it will be for the courts of law to decide, whether 
this demand can be enforced. 

The director of the ‘““Wumba,” the department 
which watches over the fixing of prices for military 
contracts, stated that prices were fixed on the 
basis of the conditions existing during peace, with 
due considerations of war conditions. Thus the diffe- 
rent branches were allowed additional costs of pro- 
duction and also additional profits. The savings 
resulting from the subsequent investigation of the 
prices demanded by the army contractors amounted, 
broadly speaking, to 50,000,000 marks per month. 
Generally there was no occasion to complain of any 
lack of courtesy on the part of the works, in spite of 
some opposition to begin with and many reasonable 
misgivings. A number of firms, however, still 
refused to place their books before the department. 
The, demands made upon industry under the Hin- 
denburg programme were immense. The original 
arrangements had to be revised, and the changes had 
brought about markedly unfavourable results for 
the State. The utmost efforts were made to over- 
come the difficulties, but the work entailed was 
exceedingly comprehensive and expert assistance 
very limited. 

A socialist member pointed out, that the present 
question only represented a small section of the 
whole. Prices were raised to begin with without 
any careful calculation, and the opportunity for 
excessive profit-making remained. The “ Wumba ” 
did useful work, but it was mostly theoretical. 
The State ought to have secured a joint right of 
possession in connection with the new undertakings 
after the war. The English system of taking every- 
thing over would hardly do, but profit-earning ought 
to have been curtailed long ago. The Daimler 
works had at last declared they were willing to 
submit their estimates, but these had for years been 
systematically inflated. By another member it 
was maintained, that it was not only large, but also 
medium-sized and small concerns which had refused 
to show their books. There were arrangements 
which ensured for the State a share in the new under- 
takings after the war, and also « voice in the adjust- 
ment of subsidies. | With regard to the Daimler 
episode the system of control hitherto followed was 
inadequate. It was strange that the dividends 
declared and the exchange of the shares did not 
arouse suspicion. The company had nominally 
increased their capital from 8,000,000 marks to 
38,000,000 marks during the war in order to keep 
down the dividends. The old shares were quoted at 
1,350 marks, and each old shareholder obtained a 
new share at par, 100 marks for each old share he 
held. Other speakers said that the war department’s 
way of dealing with things was incomprehensible. If 





private concerns based their estimates on calculated 
costs from the Spandau State works as a basis in 
their army contracts, they were bound to make 
large profits, for the Spandau works by no means 
were cheap producers. The Oberndorf rifle com- 
pany could, for instance, manufacture a rifle at 40 
marks less than the Spandau. works. 

It will be interesting to see what will be the further 
outcome of this first serious attempt to stop “ war 
usury in Germany.” 





THE PLACE OF SCIENCE IN 
EDUCATION. 

Tue defects of our system of selecting the class 
of officials from which our departmental heads are 
appointed have been made very evident by the 
events of the past four years. In normal times the 
convention by which the temporary political chief 
of a department and not the permanent official is 
assumed to be responsible for the efficiency of the 
service, was of inestimable value to both the 
politicians and the higher ranks of the official 
hierarchy. The two formed in this way a highly 
effective defensive alliance. If, for example, it 
were found that the official specifications for certain 
munitions of war were seriously defective, then by 
convention the blame did not attach to the technical 
advisers of the authorities but to the Secretary of 
State for War. As no reasonable man, convention 
or no convention, could hold the latter really 
responsible the effect has been that gross errors 
made by departmental officials have seldom been 
visited by any adequate penalty. In such cases the 
convention has served to protect the officials. On 
the other hand, the political head of a department 
may have acted against the expert opinion of the 
departmental chiefs; the convention then served 
to protect the Minister, since the officials had no 
right to insist on the public being informed of their 
real views. On occasion this convention has 
broken down, as when Sir William Harcourt’s mis- 
representation of the views of the Admiralty had 
to be withdrawn under the threat of a general 
resignation. Such instances, however, have been 
extremely rare ; the compact has on the whole been 
faithfully observed, to the mutual convenience of 
both sides, whilst the consequent loss to the public 
was of little concern to either. 

Such a state of affairs would naturally tend to 
the higher departmental posts being filled with men 
skilled in the art of discovering not what ought to 
be thought as to a proposed policy, but of contriving 
what could be said in its favour, and these qualifi- 
cations were probably as well met by the ordinary 
Oxford “ Greats” manas by any other. The existing 
crisis soon showed, however, the need for men of a 
wider culture, and these have had to be sought in 
fields where knowledge, insight and initiative were 
the price of success, rather than the mere ability to 
write a readable report, valuable as this accomplish- 
ment undoubtedly is. 

It is not, however, only in our Government 
departments that administrative positions have been 
filled by men educated on the narrowly specialised 
lines of our public schools. In the past great manu- 
facturing works were built up in this country and 
profitably operated by men who were themselves 
capable chemists. Their successors were too often 
typical products of our classical schools, with 
possibly a somewhat minute knowledge of the 
intricacies of the Greek and Latin grammars, but 
wholly unversed in, and often contemptuous of, any 
scientific or technical knowledge. The result has 
been admittedly disastrous, and the public has been 
gradually brought to recognise that the future 
prosperity of the country will depend largely on 
radical changes in our system of secondary education. 
What these changes should be is discussed in a 
report* published last week by a committee, with 
Sir J. J. Thomson as chairman, appointed to report 
on the position of natural science in the educational 
system of Great Britain. The report is a very 
exhaustive document, covering the whole course 
of education from the primary schools to the 
university. It brings out very clearly the privileged 
position hitherto held by classics. The vast majority 
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of the entrance scholarships to our public schools 
are awarded on the results of competitive examina- 
tions in Latin and Greek. The bias thus given 
is commonly maintained throughout the whole of 
the rest of the school career, so that some 70 per cent. 
of public school candidates who gain classical 
exhibitions or scholarships at the universities have 
previously obtained classical scholars hips when they 
entered their school. Of course there are some 
clever boys who may do well in classics and yet fail 
at mathematics or science, whilst some others, good 
at mathematics, may have little taste or relish for 
linguistics ; but most clever boys will do well at 
either. Certainly any boy with a good head for 
mathematics will make his mark in classics if he 
is also the fortunate possessor of a good verbal 
memory. In the present condition of affairs, 
however, the dice are loaded, and an undue pro- 
portion of our abler lads specialise in classics. 

At one time the defenders of the existing system 
maintained that any reform meant the abolition of 
all culture studies. The assumption that a knowledge 
of the Latin and Greek grammars is essential to cul- 
ture appears now, however, to be abandoned, and in 
his defence last June, in The Nineteenth Century, of 
the vested interests threatened, Mr. C. E. Robinson 
has taken a much more modest line.. He maintains, 
and with much reason that translation from one 
language to another affords easily graduated exer- 
cises of a boy’s capacity for thought. He asserts 
—but, of course, does not attempt to prove—that 
translations from Latin are better adapted to this 
end than from modern languages; but his main 
contention in favour of the status quo appears to 
be that teachers know how to teach Latin and 
Greek, but not other subjects. Of course, there 
is the usual declamation against estimating the 
value of a study by its immediate practical utility ; 
a point on which the advocates of reform are, 
however, in full agreement with himself. Never- 
theless if, as in linguistics, the prime necessity of 
mental training can be combined with some utili- 
tarian value, this latter should surely be reckoned 
to the credit rather than to the debit of the subject 
of study. 

The report is, as already stated, of a very 
exhaustive character, and we are gratified to note 
that the recommendations made are, in repeated 
instances, in exact accord with what has been 
advocated in our columns. Thus the committee 
consider that the heuristic system of teaching science 
should be strictly limited in its applications. The 
student, they say, “cannot expect to rediscover in 
his school hours all that he may fairly be expected 
to know; to insist that he should try to do this 
is to waste his time and his opportunities.” Again, 
it is observed that too much time is commonly 
spent in laboratory work, and that demonstration 
experiments by the lecturer are in many cases to be 
preferred. Further, the committee object to the 
practice for long in vogue in which the student was 
discouraged from using text books and impelled 
to rely solely on his lecture notes. It is, moreover, 
urged that much more attention should be paid than 
hitherto to the history of the growth of scientific 
ideas and principles, One other important recom- 
mendation is that elementary courses in science and 
mathematics should be arranged to aim at breadth 
rather than depth. The main difficulties in the 
way are the examinations for scholarships at the 
schools and the universities. These are of a highly 
specialised character, requiring a relatively advanced 
knowledge of some one particular subject, and even 
so, the type of question most in favour has been that 
which is easy to mark, rather than of a character to 
fairly test the intelligence of the candidate. One 
result is that the scholarships awarded at the 
entrance examinations to our public schools are to a 
very large degree beyond the reach of any lad 
whose parents are not in a position to pay highly 
for special preparation. 

On the general question of scholarships and 
exhibitions the committee recommend a very large 
increase in their numbers, coupled with the restric- 
tion that the value of the scholarship shall be 
regulated by the needs of the successful candidate. 
It is proposed, in short, that the scholarships shall 
have primarily a nominal value; but that where 





the candidate really requires aid, the amount shall 
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be increased so as to secure to him throughout 
his university career a pecuniary position com- 
parable to that of the average undergraduate. 
Finally, a large number of post-graduate scholar- 
ships should be provided. This reform has long 
been urged in ENnGrxeerRINeG and would be of 
undoubted benefit to the nation. 

Much stress is laid on the importance of research 
work, but we could wish that some criticism had 
been made of much indifferent work now classed 
under this title. There is a distinct tendency 
towards the assumption that research work must be 
laboratory work, and the claim to the title of 
original research is admitted even for experiments 
which are a mere record of measurements made 
without definite aim, and yielding no definite result 
but a useless compilation of figures unco-ordinated by 
any real addition to our knowledge. Many most valu- 
able researches, however, have been made by men 
who seldom conducted an experiment. The estab- 
lishment by James Thomson from thermodynamic 
principles of the fact that the melting-point of ice 
was lowered by pressure was a piece of research work 
of far higher order than were the experiments of 
his brother, which confirmed the conclusion. James 
Thomson again, when, in 1848, he demonstrated 
without the aid of a laboratory the importance of 
the elastic range of a material, accomplished a far 
finer piece of research than Bauschinger did in 
confirming these conclusions some thirty to forty 
years subsequently. 

Laboratory experience and training are un- 
doubtedly of very high value, but mere manipulative 
skill and accuracy in observation will in themselves 
serve for the equipment of a mere hodman of science. 
and we could have wished that the committee had 
definitely pointed this out. There are, at least, 
one hundred men who can conduct an average 
laboratory research for one who can make a real 
and assured step in advance. They do note that the 
provision of ample funds and facilities, even when 
these are intelligently administered, cannot ensure 
scientific work of the first class. The great discoveries 
are essentially individualistic in character, the man 
counting for far more than the equipment. 

The committee strongly recommend that teachers 
of technology should be encouraged to take private 
professional practice. We believe this will be strongly 
resented by the committees of many municipal 
technical schools, but we are convinced that the plan 
will benefit both teacher and pupil. It may be 
noted in this connection that the usual insistence 
that candidates for.professional chairs of engineering 
must have had prolonged teaching experience has 
had many bad results in widening the breach between 
the science of the class room and the practice of 
the shops. 

The committee are, of course, very urgent on the 
importance of increasing the amount of time at 
present devoted in schools to culture studies. The 
humanities must not be neglected, although the 
Latin grammar may well be discarded for all but 
a few who desire to specialise in classics. The 
importance of English is insisted on, and it is 
noteworthy that Mr. Robinson, in the article already 
referred to, also admits the case for this study. 
He objects, however, that competent teachers are 
not to be had, and is averse, possibly from a vested 
interest in other subjects of education, to obtaining 
a supply by creating the demand. 

One point is clearly apparent from the report, 
and that is that the class of man required for teach- 
ing either English or science will not be forthcoming 
unless the prospects of the teacher are very materially 
improved, as compared with existing conditions. 
Apart from any other consideration, moreover, it is 
hardly socially advantageous that men above the 
average in intelligence and entrusted with the 
training of our youth, should feel underrated and 
neglected. 

With respect to our various national services, the 
committee note that no knowledge of science is 
necessary for admission to Sandhurst, and no know- 
ledge of classics for admission to the Navy. As the 
Americans say: “It is up to” to the advocates of 
the status quo in educational matters to show that the 
average army officer is a better man than our naval 
Officers. As to the manning of other Government 
Departments, the committee make the excellent 





suggestion that it should be the practice to fill 
some of the higher administrative posts not by 
promotion from within the ranks of the department, 
but by the selection of outsiders of proved ability. 
The department will, of course, bitterly resent 
such an innovation, and in normal times may rely 
in any particular instance on the support of what- 
ever party happens to be in opposition. This 
difficulty might perhaps be surmounted by laying 
dowa definite rules, by which certain posts were 
filled in rotation by promotion and _ selection 
respectively. 








RADIATION FROM SYSTEM OF 
ELECTRONS. 

In concluding the spring term of the Royal Institu- 
tion on Friday, March 22, by a discourse on “ Radia- 
tion from System of Electrons,” Sir J. J. Thomson, 
P.R.S., O.M., dwelt on features to which he had not 
made any particular reference in the course of his 
lectures on ‘“‘ Problems in Atomic Structures,” 
which he completed on the following day. In a 
certain way this discourse hence supplements the 
lectures, and the introduction to our brief notice 
of the discourse will perhaps best be understood 
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if we refer our readers to our more detailed 
account of the lectures on page 234 of our issue of 
March 1. We also for convenience of reference 
reproduce here the Figs. 1 and 2 published with 
our article just referred to. If light coming 
from O struck two electrons, A and B (Fig. 1), 
Sir Joseph said, it would be scattered in various 
directions, and the energy received at some point 
P would depend upon the relative lengths of the 
two paths,O APandOBP. To demonstrate the 
scattering Sir Joseph let the beams of the lantern 
fall on two knitting needles, whose lengths corre- 
sponded to A B, held obliquely in the beam; on the 
screen two intersecting luminous arcs of the two 
needles were produced. With perfect coincidence 
of wave-length and phase the radiations from A and 
B would reinforce one another. The curve indi- 
cating the intensity of the scattering in various 
directions was a damped curve showing maxima 
and minima (as in Fig. 2); the maxima and minima 
would lie on cones and the apex angles, and thus 
the diameters of the rings which they produced on 
a screen, depended upon both AB and the wave- 
length A, or rather upon the ratio d /d (if A B = d); 
an alteration of either d or A would alter the cone 
angles. That was shown in the demonstration 
(mentioned on page 234 ante) by holding a glass 
plate powdered with lycopodium in the lantern 
beam ; the light spot was surrounded by coloured 
rings. The particles had to be of very uniform size 
for this purpose, Professor Thomson remarked ; 
when they were not uniform, the effect became 








indistinct, and of various powders he had tried, 
silica among them, he had found plant spores most 
suitable. A mist of water vapour or alcohol 
vapour, produced in a spherical bulb by expanding 
the vapour, showed these diffraction rings also ; 
they were occasionally noticed on the Brocken 
spectre—when an observer saw his own shadow 
on the clouds—and men on flying machines had 
wonderful opportunities for such observations, of 
which he hoped records were preserved. 

Each pair of electrons, Sir Joseph continued, 
then gave a curve like Fig. 2, or rings and, if ring 
systems intersected, spots. When we dealt with 
atoms we had many electrons, and we could only 
observe and calculate average effects. By analysis 
of the photographic records the effects of different 
pairs could be separated, however, and the different 
lengths d could be estimated. When four elec- 
trons were grouped at the corners of a square, the 
side of the square would be smaller than the dia- 
gonal, which also represented an AB in another 
direction ; when the four electrons were at the 
corners of a tetrahedron, all the A B would be the 
same ; thus the examination gave some clue as to the 
grouping of the electrons. As regards the number 
of electrons concerned, the suitable conditions for 
reliable calculations were more fully explained on the 
previous occasion (page 234 ante) to which we have 
already directed attention. The condition, that A B 
should be large by reference to A, was not always 
heeded apparently in X-ray studies, the lecturer 
thought, and the absolute values obtained seemed 
doubtful for this reason. If all the electrons pointed 
the same way, the effect would be most brilliant. 
That, and the change of iridescence colours with 
the angle of incidence, could be demonstrated with 
ordinary light; Sir Joseph let the light of the 
lantern beam fall on some birds—a quezal, colibris, 
etc.—which were seen to shine in iridescent colours, 
brilliant green and blue, or dull greyish blue, accord- 
ing to the incidence. Specimens of mother of pear! 
and crystals of potassium chlorate, exemplifying 
the same effects, were on the table. When there 
were many electrons, it was not always possible, of 
course, to bring: them into proper coincidence for 
reinforcement; but with proper d a series of spots 
would be obtainéd. The d here represented the side 
of the elementary cube of the space lattice of a 
crystal; Sir Joseph did not enter further into these 
points. To understand the problem, he said, one 
might think of a grating in three dimensions. Their 
effect could not be indicated by a drawing, but he 
could show what resulted when a ray of light fell 
upon two gratings so superposed in the same plane 
that the rulings of the one grating were at right 
angles to those of the other. Eight coloured light 
spots were then seen about the bright centre mark- 
ing the incident ray; the spots were occupying the 
four corners of a square and four points half-way 
between the corners, and each spot was oval, the 
blue being turned inward, the red outward. 

The difficult analysis of the X-ray patterns of spots 
obtained in crystal study, Sir Joseph proceeded, 
was generally performed by elaborate geometrical 
methods; but he had found a much more simple 
arithmetical method. That method resolved itself 
into finding three numbers, such that their squares 
summed up to the square of the given number. The 
number started from was the ratio of the side of the 
elementary cube, which represented the distance A B 
between the electrons, to the wave length, or d /A). 
Suppose d /\ = 5, then 5* = 25 might be expressed 
& + 0 + 0? = 25, or 4* + 3? + 0? = 25. Now each 

Cite wat 5 4 3 
of the ratios 5 BB’ 
of aspot, which was defined by the three cosines of one 
resolution on an orthogonal system of co-ordinates, 
Similarly 9* = 81 might be resolved into 9 +. Qe 
+ROun P+ 24+ PP + e+ PK H+ H+, 


The order 
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5 represented a cosine direction 


8 ] 
in this case the cos were, ¢.g., 9 9 
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48 
of the terms( v9 9 eg.) being immaterial, each 


of these resolutions gave six spots, unless two of the 
fractions were equal or equal to 0, when there would 


| be fewer spots. The spot grouping was kaleidoscopic. 


If a spherical quadrant were drawn, then any point 
on the quadrant would produce six images with 
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respect to the planes bisecting the solid right angles 
—unless the point were lying on one of the boundary 
planes, when one of its co-ordinates would be 0; 
the whole sphere about a point would comprise 
eight of these quadrants, and there would thus be 
8 x 6 = 48 spots (or fewer). Professor Thomson 
exhibited some of the original photographs of 
Laue, whose studies of the diffraction of Réntgen 
rays originated this study of crystal structure by 
X-rays, and also some which A. W. Hull had quite 
recently obtained.* The method of Hull, we may 
mention, resembles that which Debye and Scherrer} 
have used since 1915 in studying the structure of 
many crystalline substances and also of amorphous 
carbon, its advantages being that ho crystals are 
required, but that particles of the finely powdered 
substance suffice which will be, and must be, 
in random arrangement. Debye forms small 
compressed cylinder of the substance ; Hull places 
the powders in a small glass tube which he rotates 
about the longitudinal axis to which the beam of 
monochromatic X-rays is normal. 

Concluding, Sir Joseph pointed out that the 
trouble was that the centre of the disturbance was 
supposed to be the atom, whilst the electrons were 
the centres, and though the arrangement of the 
electrons could be studied by using X-rays of 
different wave lengths, the difficulty remained that 
we had really to deal, so to say, with two sets of 
gratings: firstly, the grating, due to the arrange- 
ment of the atoms in successive parallel planes ; 
and secondly, the grating formed by the electrons 
in the atom. Both these sets gave systems of 
spots. In some direction the two would coincide, 
and the electrons and atoms would conspire in the 
effect. That would not necessarily be a spectrum of 
the first order, however ; it might be some spectrum 
of higher order, complicating the effects. He re- 
gretted that he had spoken of things that might be 
done rather than of things done ; but there was little 
time for research just now. 





LONG-RANGE ARTILLERY 
CALCULATION. 


By Srmr GrorGe GREENHILL. 


RECENT events have directed attention forcibly to 
the importance of long range calculations in modern 
warfare, in opposition to the old-fashioned traditions 
of intellectual timidity and rule of thumb; and it 
is little consolation to the citizens who suffer under 
a distant bombardment to be assured it is of no 
military value. 

Formerly the gunnery problem was presented to 
the student of theoretical artillery from a point of 
view the reverse of what is important to-day ; from 
the data of given ballistic power of the projectile, 
and given muzzle velocity and angle of projection, 
he tried to calculate the range over a horizontal 
plane, the time of flight, angle of descent, striking 
velocity, and further, some subsidiary effects, such 
as drift from the vertical plane of fire; also the 
probability of hitting a target of given size. 

In the field these details would be presented in a 
different order. The range would be given and 
then the requisite elevation looked out from a range 
table of the gun required to obtain this range, the 
ballistic power of the gun being given. 

The old gunner preferred to make his own range 
table, based entirely on his practice, heedless of 
theory; but this method became too expensive 
with modern weapons, and ink was made to serve 
instead of gunpowder to a greater and greater 
extent in drawing up a range table, as more 
economical and equally trustworthy. But in our 
recent experience these corditions are reversed 
completely, and the former order of calculation 
requires to be turned round and inside out, and the 
problem considered in the reverse of the historical 
order. Suddenly we find one day the enemy shell 
begin dropping on us from the sky, and we cannot 
imagine whence they come, and calculation is our 
only guide. 

Fragments pieced together tell us the calibre 
of the gun and weight of the shell. The slant 
of the hole made on impact in the ground gives the 
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angle of descent, and the depth of the hole and other 
destructive effects are measures of the striking 
velocity. Working backward from these estimates, 
however rough, of the ballistic power of the shot, 
the striking velocity, and the angle of descent, and 
with the resistance of the air reversed in direction into 
an assistance, the usual calculations of long-range 
fire will determine ultimately the initial velocity, 
angle of projection, time of flight, and range of the 
shell, and then the gun is located within narrow 
limits, on the direction of the line of fire, corrected 
for drift and rotation of the earth. Because in a 
time of flight estimated as so great as 2} minutes, 
the influence of the earth’s rotation is quite 
appreciable. It is calculated on the theory that 
the vertical plane of the trajectory remains fixed 
in space, as in the Foucault pendulum, and keeps 
pointing to a star near the horizon, rising or setting, 
while the horizontal plane on the earth is turning 
round at a horary rate of 15° at the pole, but 
15° sin. lat. elsewhere; that is 15’ sin. lat. per 
minute of time (sidereal), or 0’+25 sin. lat. per 
second. Thus in 2-5 minutes, and in our latitude, 
the horizontal plane of the earth will have revolved 
about half a degree past the plane of the trajectory, 
and a deflection of 30’ must be given on the sight, 
against the sun, widdershins. In 75 miles, or 
120 km., this would account for about 1 km. of 
deflection on Paris. The drift, too, of the shell 
fired from a right-handed rifling would require to 
be corrected by an additional deflection of con- 
siderable, but unknown amount, in the absence of 
an exact theory of drift, and determinable only by 
experiment. The total deflection reversed would 
be applied to the apparent line of fire into Paris, in 
locating the gun. 

Acting on these preliminary instructions, our 
airmen will soon locate the enemy gun with accuracy, 
and endeavour to bomb it out, the target being too 
small to reach with distant gunfire. Meanwhile 
our artillerists must set to work to make up lost 
ground, and strive to produce a rival weapon of 
equal power, capable of imparting the requisite 
muzzle velocity to the shell of given weight; and 
here all the resources of calculation of internal 
ballistics and the theory of gun construction are 
required, before the gun can be designed and then 
put in hand in the workshop, everyone working hard 
against time. Any method of scientific procedure, 
however rough and ready, will be useful in saving 
time, and acting as a check on more refined 
calculation, and so we proceed to describe some 
such methods, given already in the writer’s ‘‘ Notes 
on Dynamics,” for the use of the officers of the 
Advanced Class of the Artillery College, 1908, §78, 
page 99. 

As stated there, ‘“‘ The parabolic theory of Galileo, 
although ignoring air resistance, is able to assign 
limits between which the real trajectory will lie 
in a resisting medium. The range X is supposed 
given, and the angle of departure and descent, 
a and w; and then the real trajectory must lie 
between the two parabolas on the range X, with 
angles of departure a and », and equal angles of 
descent. The height 4 of the real trajectory lies 
between the height of the parabolas, so that 
} x tana<h<}xtanow. The time of flight 
T is intermediate to the parabolic times of flight, 


a/* tne < T < 2X tan w. 
g g 


And if V, v, denote the muzzle and striking velocity 
in the real trajectory, 


V > vV(g X cosec 2a) > v/(g X cosec 2 w) > », ft./sec. 


The least parabolic velocity to give the range is 
s’(g X), and then a=w=45°; and with a 
range of 75 miles, X = 396,000 ft., and ,/(g X) = 
3,200 ft. per second, a velocity attained by Andrew 
Noble in his experimental 6-in. 100-calibre gun, 
using a charge of 27-5 lb. of cordite, with a shot 
of unspecified weight, but probably 100 Ib. 

The height attained would be one-quarter the 
range, say, 19 miles, and the time of flight 157 
seconds, a little over 2} minutes. 

The actual time of flight has not yet been 
recorded, but we may assume for our argument that 
it was 2-5 minutes, making the “average velocity 
over the ground for the 75 miles equal to 30 miles 





a minute, 1,800 miles an hour, 2,640 ft. per second. 





Suppose, then, we imagine a shot flying horizontally 
with this velocity, 2,640 ft. per second, 20 miles 
high, and calculate its history before and after. 

At this height, and for a considerable distance 
lower, air resistance may be ignored in the absence 
of any appreciable atmosphere, although enough, 
as we see, to fire the meteorite ; so we begin by 
calculating the advance of the shot on the parabolic 
theory while it has risen or fallen, say, 15 miles, 
before or after ; and is still some 5 miles high above 
the ground. The time occupied in each of these 
movements will be about 70 seconds, so that the 
total horizontal advance is 70 miles. 

We may suppose this parabolic trajectory raised 
on stilts 5 miles high, out of the region of appreciable 
air resistance, and then draw the supporting stilts 
at each end as the initial and final part of a real 
trajectory in the resisting air, first in a free-hand 
sweep to give some notion of the extra range at 
each end. The sweep of the curve must be flatter 
than the parabola and outside at the gun end, but 
inside and more curved where the shot is falling ; 
and these are the two parts to be examined with 
greater care and attention to the dynamical 
equations with air resistance. The effect is to 
reduce the angle of elevation below 45°; but it is 
probable a greater elevation is given, say, 50°, or 
even 55°, to clear the lower dense strata, as pointed 
out in the “‘ Text Book of Gunnery,” 1904, page 225. 

On the parabolic theory this would make the 
muzzle velocity greater than 2,640 ./2 = 3,735 ft. 
per second, so we may infer that a velocity is 
required in the region of 4,000 ft. per second. Sir 
Andrew Noble’s gun must be lengthened again, by 
another 25 ft., to 150 calibres, to see if it is not 
possible to reach and surpass this 4,000 ft. per 
second velocity, and so produce a rival to the 
German long-range gun. Another increase of velo- 
city of some 15 per cent., to 4,600 ft. per second, 
should increase the range some 30 per cent., from 
75 miles to 100 miles, and then it would be possible 
to bombard London from Calais, the time of flight 
being about 3 minutes. 

In the opinion of some experts the velocity of the 
present gun is from 5,000 ft. to 6,000 ft. per second, 
enough, in our opinion for a range of over 100 miles. 
According to French estimates the initial velocity 
would be about 1,400 metres per second, 4,600 ft. 
per second ; and the weight of the shell is 100 kg. to 
120 kg. This is rather light for the calibre 22 cm., 
9 in., but enables the muzzle velocity to be in- 
creased, and the loss of driving power through the 
air is made up by fitting a long sharp-pointed 
Spitzer head of sheet iron, making the external 
appearance very similar to a modern rifle bullet 
4} calibres long. The actual steel shell body is only 
a little over 2 calibres long, and the bursting charge 
in the cavity is divided in two by a diaphragm, with 
the object apparently of preventing a premature 
explosion during the discharge of the gun. 

First accounts described the shell as arriving in 
two parts, and a theory was advanced that extra 
ranging power was obtained by an internal explosion 
about mid range. But as in the sharp-pointed 
rifle bullet, it is the scientific design of the exterior 
shape which gives the extra ranging power, with a 
diminished weight for high muzzle velocity. 

The uncertainty in all these calculations of long- 
range fire is the estimate of air density in the upper 
strata of the atmosphere, discussed as a whole; a 
subject much debated in modern meteorology and 
geophysics. 

Two assumptions are employed of this constitu- 
tion, between which the true density of the air may 
be suppored to lie: (1) Isothermal equilibrium ; 
(2) Convective equilibrium. These are discussed 
in the writer’s “‘ Hydrostatics,” Chapter VII. 

On the isothermal theory the temperature of the 
air is taken to be constant, and then the correction 
for the density of the air at a height y ft. is the 
tenuity factory r = e—¥/#, where kis the height of 
the homogeneous atmosphere, taken at ordinary 
temperature at 27,000 ft., say, 5 miles, but stretching 
or contracting with variation of temperature like 
an air thermometer. At this rate r = e— } = 0-368 
at 5 miles high, so that air density and resistance 
is a little over one-third the value at ground level, 
and so could not be ignored. Airmen have flown 
at this height, or nearly. At 10 to 20 miles high, 
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r=e-?, e~4 = 0-135, 0-018, still appreciable, 
although small. 

But on the convective theory the temperature is 
taken to diminish uniformly with the height y, 


6 
according to the law = 1— Z, connecting tem- 
perature absolute 6 with ground temperature 6, ; 


c Be t 
and “Se = 3.5, y the ratio of the two 


specific heats of air, taken as 1.4. 
According to this law, the tenuity factor 


1 
r=(1-L)y—Ta (1-2) 
c c 


and the atmosphere ceases at a height y = c, some- 
thing less than 17 miles; and before attaining this 
height the temperature would be so low that the air 
would become liquid and frozen, and the shot would 
have to break the ice to reach a height of 20 miles. 
But this is in contradiction to the Twilight effect, or 
the height of the Krakatoa volcanic dust observed 
by astronomers. We conclude then that convective 
theory should not be employed beyond a limited 
height in the atmosphere. 

If these artillery ranges go on increasing at the 
present astounding rate, we shall soon have to 
abandon the old parabolic theory of Galileo with 
a gravity in parallel lines; but take into account 
the convergence to the centre of the earth, and treat 
the shot as an independent planet or satellite by 
Newtonian methods, moving in the absence of air 
resistance in an elliptic orbit, about the centre of 
the earth at the focus. A geometrical investigation 
is given in “ Notes on Dynamics,” §94, page 118, 
taking a body projected from a Krakatoa volcano as 
illustration, or some of the dynamical conditions 
postulated in the romance of Jules Verne, as it was 
not anticipated we should ever see this fiction 
become the reality of our own time. The witty 
imaginary picture showing the shot that has 
missed London and gone round the world, in The 
Bystander, July 21, 1915, will no longer appear so 
highly impossible. The shot is depicted grazing the 
surface, and returning in 90 minutes or 80 minutes 
if girdling the equator, according as it moved east- 
ward or westward ; not in 40 minutes as Shake- 
speare’s Puck, a velocity which would carry him 
away into space, unless held down by more than 
fourfold gravity. 








NOTE. 


Evectric PowEerR Suppty anp COAL 
CONSERVATION. 

THe report of the Coal Conservation Sub- 
Committee recommending the early construction 
of 16 super-power electric stations to supply the 
whole country (Cd. 8880] has naturally attracted 
much attention in the great municipalities which 
have already well-equipped plants. On April 12 
we reported a speech of Mr. 8. L. Pearce, the city 
electrical engineer of Manchester, in which the 
working expenses of a station situated on a river 
at a distance from the centre of demand were 
contrasted with those of a nearer station equipped 
with cooling towers, and therefore working at a 
lower thermal efficiency. The speaker showed that 
the cost of transmission was greater than the extra 
cost of coal, and that the proposed plan was, in 
that respect, inferior to that which they had 
adopted in Manchester. Last Wednesday, Mr. 
Ernest Hatton, the engineer and general manage 
of the Corporation Tramways and Electricity 
Undertaking. of Newcastle-on-Tyne presented a 
report to the Parliamentary Committee of the city, 
in which he embodied his criticisms of the projected 
scheme. The Coal Conservation Committee had 
estimated the possible saving in coal following the 
adoption of their plan at 55,000,000 tons per year, 
and they naturally had directed much attention to 
the North-East Coast area, and particularly to the 
11 waste heat stations which exist there. Mr. 
Hatton pointed out that electric-power distribution 
was already on a far greater scale on the North-East 
Coast than it was likely to attain in the rest of the 
country for many years, and then, taking that as a 
basis, he calculated the possible saving in coal. 
The plant on the North-East Coast is, aceording to 


the committee, one-ninth of the total plant in public 
supply stations in the United Kingdom, and its 
output is one-fifth of the whole. The saving due 
to the utilisation of waste heat is 150,000 tons of 
coal perannum. If this plan were in use everywhere 
the total possible saving would be 750,000 tons. 
But, Mr. Hatton pointed out, there is far more 
waste heat available in Durham than in any other 
area, and therefore this saving would probably not 
be realised. He added: “Assuming for the 
purpose of illustration the low coal con- 
sumption of the power companies of the North-East 
Coast, and making an allowance of } lb. of coal 
average per horse-power-hour delivered at the 
consumers’ terminals, we should then get 500,000 
tons as representing the coal now consumed in excess 
of that which would have been the case had the 
power companies in this area supplied the whole 
output of the kingdom on the basis of the figures 
set out in the report. Adding this figure of 500,000 
tons to the 600,000 tons of coal that would have 
been saved by using waste heat in the remaining 
four-fifths of the power supply of the kingdom, 
based on the North-East Coast figures, we get a 
totel probable saving of 1,100,000 tons of coal, 
equivalent to 550,000. per annum.” This calcu- 
lation appears to be based on the assumption that 
the demand will remain stationery, or nearly so. 
Mr. Hatton then went on to show that the new 
super-stations, in order to show any semblance of 
success during the present generation, would have 
to take over the existing power stations of local 
authorities and also those of electrically-equipped 
works in order to provide themselves with a demand, 
and he argued that the costs of transmission and 
conversion, and of writing-off the scrapped 
machinery, would about balance the economy 
effected by working on a large scale with modern 
plant. ‘Therefore, if the predicted saving of 
55,000,000 tons of coal is to be made, it will not be 
from taking over the existing stations, but by 
modernising, i.e., electrically equipping the works, 
manufactories, collieries, &c., in the country to re- 
ceive the supplies from the proposed super-stations.” 
The financial problems to be solved in the new 
scheme are more difficult than those of a technical 
nature. An immense change, such as that pro- 
posed, cannot pay from its inception, particularly 
if it is to act justly towards its predecessors. It 
has to create a demand by selling cheaply in the 
expectation of reaping its profits later. So far, 
power companies have not been conspicuous 
successes, largely on account of legislative restric- 
tions imposed at the bidding of municipalities. 
It is to be hoped that in the future national rather 
than parochial prosperity will be considered, and 
in the meantime it is well that all sides should put 
forward their views, provided that the lobby of 
Parliament is not selected as the arena of conflict. 


} 





RecorpinG SEA-WATER ALKALINITY.—Having placed 
platinum resistance thermometers, continuously record- 
ing the temperature of the sea water, and also instruments 
| for the rapid determination of the density of sea water 
|at the disposal of oceanographers, the Bureau of 
| Standards, of Washington, has further devised an 

electrical instrument tor recording the salinity of sea 
water on board ship. The instrument, described by 
E. E. Weibel and A. L. Thuras, in the Journal of the 
Washington Acad of Sciences, of March 19, 1918, 
is a Wheatstone bridge, in two arms of which two equal 
| electrolytic cells A and B are inserted; A is sealed and 
| contains sea water of a known salinity ; the sea water 
|examined is continuously flowing through B. The 








r | resistance ratio in the two arms is measured with the aid 


alternating currents, in order to obviate the effects of 
larisation and electrolysis. The two cells are placed 
|in a temperature bath, through which the sea water is 
circulating, so that the error should be restricted to 
the small differential temperature coefficient of the two 
solutions. The probable error is not so aR mormeag as 
might appear, however. The current will always have 
a ‘Denting effect, and the sealed cell will more slowly 
| adapt itself to changes in the sea water temperature than 
the open cel]. Near Newfoundland a vessel going at 
moderate speed may pass through water currents the 
temperature of which c es at the rate of 3-5 deg. C. 
in 1 minute, for instance. But in general the c in 
temperature and in salinity are slow, and the di ity 
ey met by building up each of the two cells of six 
parallel glass tubes, 1 cm. in diameter, 14 cm. } ; 
the tubes are arranged in a ring and joined to bulbular 
extensions containing the platinum electrodes ; kets 
in which air bubbles might settle are avoided. The 
recording mechanism is that of the Leeds and Northrup 
Company. 
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anagement. By ‘ 

Green and Co., 39, Paternoster-row. (Price 5s. net.] 
THE war is responsible for much, and incidentally 
for the introduction of “ physiological manage- 
ment” in preference to the phrase ‘“ Welfare 
supervision in factories.” The latter is too limited 
to define the functions now aimed at. Originally 
the concept was to provide someone to control junior 
and particularly female labour, which was not pos- 
sible under normal conditions in factories formerly 
run exclusively by male labour. Without entering 
into details it is obvious that male supervision was 
unsuitable, except for boys. The success of many 
of the operations of the welfare department in con- 
nection with boys and women has justified the 
extension of such departments to all male labour. 
But, unfortunately, there is, rightly or wrongly, an 
impression, due to the term “ welfare,” that the 
scheme partakes rather much of what may be 
characterised as Sunday school superintendence, 
and for this reason it is looked at askance by adult 
labour ; in many cases, indeed, by female workers. 
It is well, therefore, that there should be a broader 
acceptance of the functions of this department, 
and Mr. J. E. Hutton, the manager of the Labour 
and Catering Department of Messrs. Vickers, 
Limited, attempts to introduce not only new 
phraseology by the term “ Physiological Manage- 
ment,” but a new atmosphere, which will be less 
open to the charge of undue interference than 
“welfare” and its application. 

The aim of management of the individual is to 
contribute to the great desideratum of national 
efficiency, which requires not only the perfection of 
mechanism to ensure the highest output per unit 
of wage paid and full reward for effort exercised, 
but greater attention to the physiological condition 
of the worker. This involves a wide study of the 
conditions prevailing in the factory, in order that 
the worker shall be maintained in the best possible 
physique, and that those details shall be eliminated 
which are inimical to the full utilisation of physical 
effort with the minimum of avoidable fatigue. 
Under the former category there necessarily fall the 
questions of the hour of beginning operations, 
whether with or without a solid meal; the length 
of the working day; the provision of short rest 
periods ; and the satisfactory heating, ventilating 
and lighting of the workshop or room. Beyond 
this there is the need for consideration of almost 
each individual unit. One of the instances in this 
connection quoted by Mr. Hutton is that the 
chucks of a row of lathes are often arranged at the 
same level, without consideration of the height, or the 
length of arm, of those who are to work them, and 
that the height for convenient work for a person 
of 5 ft. 1 in. cannot be correct for a person of 
5 ft. 10 in. Again, he points out that it is easy to 
find, in connection with tables and benches, tall 
girls, with bent backs, working over tables, over 
which short girls, on the same bench, can hardly 
reach. The simple solution is footboards of sufficient 
height. Moreover, where convenient, tall chairs 
with foot rests should be provided, and on floors 
vibrating with machinery the legs of the chairs 
should be shod with rubber, to act as shock absorbers, 
while the backs of the chairs should be constructed 
according to the posture of the worker. Such 
considerations, while they seem specially applicable 
to female labour, cannot be ruled out of account 
even for male labour. Mr. Hutton gives a wealth 
of suggestion in small detail regarding all subjects 
which come under the term “ physiological manage- 
ment.”” Indeed, the value of his book is due to 
the importance of such details, which are not 
readily quotable. 

Where iesve might be joined with him is in regard 
to the demarcation of responsibility between what 
we might term the “technical management” and 
the “ physiological management.” His view is 
that the engaging and dismissing of labour should 
be entirely with the latter, on the plea that their 
officials would be responsible for seeing that the 
workers come up to a certain standard of general 
health, mental and bodily activity and self-respect, 


‘and that when for any reason a worker gives notice 
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or receives notice to leave, the fact should imme- 
diately be notified to the physiological manage- 
ment, “who will then satisfy themselves of the 
necessity, and often succeed, by adjusting some 
slight personal grievance, in retaining the services 
of the worker.” Herein lies the difficulty. Much 
depends on the personnel of both manageriel 
departments, but we could conceive grave objection 
to the decision of the technical management being 
subject to review by the physiological management. 
The author admits that the question of wage 
should not belong to the welfare department, but 
that their officials should be thoroughly conversant 
with all systems of payment applied in the works 
so that they would be able at all times to explein 
to workers how their remuneration was arrived at, 
and, as far as possible, to smooth away any irrita- 
bility or suspicion on the part of disappointed 
workers. At the same time he contends that they 
should keep a record of wages paid foreach individual, 
as this is often an index of the physical state of the 
worker, which is the primary affair of the physio- 
logical overseer. The author attaches considerable 
importance to first-aid for accident and illness, 
and the chapter in his book which is communi- 
cated by Dr. Renton, the medical referee of 
the Vickers Company, is most suggestive, not 
only for special munition works, but for all estab- 
lishments where consideration is given to the fitness 
of the worker. 

No excuse need be made for enforcing the 
importance of this physical fitness, because it 
enters largely not only into the efficiency, but 
into the contentment and moral standing of the 
worker. These qualities, as we have already con- 
tended, are important items in the achievement 
of individual and national efficiency. We come, 
therefore, to the question of the degree of control 
and influence of management upon what might be 
termed the extra-mural work of the welfare or 
physiological department in management. Opinions 
on this question have expanded enormously during 
the period of the war. At one time workers were 
excessively suspicious of any movement on the 
part of management towards’ what they regarded 
as interference with life outside the gates. But, 
fortunately, there has been a great growth in what 
might be termed “ tolerance ”»—perhaps an approach 
to sympathy—in the attitude of workers towards 
all such schemes., This is due in large measure 
to the enforcement of the view that all projects 
for bettering the condition of the people are based 
on economic and not on philanthropic considera- 
tions. For this reason, too, we commend the term 
“ physiological management” rather than welfare 
work, because it differentiates between benevolence 
and economics. The housing of the worker must be 
improved if the best is to be got out of his physical 
potentialities ; he must be well and suitably fed. 
On those two questions Mr. Hutton gives much 
valuable data for the guidance of others anxious 
to further these two desiderata. That he is 
qualified to guide is shown by one or two statistics 
of the work done by his department, and we may 
say, first, that—to quote Mr. Hutton’s introduction, 
“ the last thing in the world this volume is intended 
to be is a superfluous panegyric on one particular 
firm.” The purpose achieved is to give complete 
analysis of the work done, of the difficulties over- 
come, and of cost and other data for the guidance 
of welfare departments. 

We therefore quote some figures to show the 
extent of justification of the author's claim to write 
from a very wide experience. It is shown that 
the company employ 100,000 men. They have 
spent 1,000,0002. on temporary and permanent 
workmen's dwellings. At Barrow 610 cottages 
have been erected, with all the accessories of a 
model town included. At Crayford 589 cottages, 
on an estate of 50 acres, have been built, the cost 
for each being 3501. At Erith 400 cottages, on an 
estate of 40 acres, have been built at a cost of 3762. 
each. These mostly contain a living room, parlour, 
scullery, three bedrooms, with electric light, cooking 
by coal or gas, and a bath with fixed water supply ; 
the rental varies from 8s. 6d. to Ils. per week. 
The houses are not more than 10 or 12 to the acre, 
and the windows of the living rooms have all a 
south or western aspect. In addition to this, 





the company arranged for the purchase of large 
private houses in North Kent over an area of 200 sq. 
miles, at a total rental of 23,0001. per annum, and 
these were divided into hostels. The furnishing 
of a hostel for 10 boarders and a staff of two, 
including kitchen and dining-room equipments, 
was 1051, each cubicle costing for furnishing 
6l. 7s. Details regarding the feeding from the 
central kitchens of all these, as well as the running 
of canteens in the works, are given with many 
helpful facts and suggestions. At one central hostel 
2,500 Ib. of bread and 70,000 pastries are baked 
per day. In the laundry 30,000 articles are dealt 
with per week. In one month the supplies for one 
of the kitchens cost 7,972. 6s., and in one canteen 
100,000 meals were served. 

It will therefore be accepted that Mr. Hutton 
writes with full knowledge, and the reader of the 
book cannot help realising that this knowledge 
is freely drawn upon for the guidance of other 
firms. There is a very sensible chapter on food 
values, which should be studied by all responsible 
for canteens. ‘The view is taken that for sedentary 
work the daily requirement is 100 grammes of 
protein, and of fuel value 2,700 calories ; for light 
work 112 and 3,050 respectively ; for moderate 
work 125 and 3,500; for hard work, 150 and 
4,500; and for very hard work, 175 and 5,500. 
It is interesting to find from the information given 
how the supplies at the canteens meet those con- 
ditions. The average protein per day was 146 and 
the average calories 3,695. The women, as a rule, 
take 25 per cent. less than the men. On the 
average, including bacon and sausages, the con- 
sumption of meat is nearly 1 lb. per day per man. 
In further indication of the fullness of the informa- 
tion, it may be said that a 33-h.p. 3-ton chassis 
char-a-bane used for transport of workers and food 
supplies, &c., in North Kent, costs for operation and- 
management 16°45d. per mile, and the fuel con- 
sumption is equal to a gallon for 6-12 miles. The 
cost of tyres averages 0-1187d. per mile, a tyre 
press being fitted at the works, dealing with an 
average of 35 wheels per week for re-tyres. The 
subject is of great importance, and Mr. Hutton has 
done good service in placing so much data so freely 
at the disposal of those who are interested in the 
physiological condition of their workers. 
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INDUSTRIAL NOTES. 


THE Committee on Production recently considered 
an application for a bonus of 12} per cent. on earnings 
made by various trade unions on behalf of their 
members, being building trade operatives, in the 
employment of firms who are members of certain 
employers’ associations. By their award dated 
April 16, 1918, the committee granted from the first 
full pay after April 11, 1918, a bonus of 12} per cent. 
on earnings to plain time workers and 7} per cent. on 
earnings to piece workers engaged on constructional 
or maintenance work, such work being munitions 
work, carried out by employers in the building trade, 
whether as contractors or sub-contractors. 

When the war broke out the total number of work- 
shop canteens in existence was 100. To-day there 
are 840. In these canteens 2,500,000 principal meals 
are served every week. That is a substantial piece 
of social progress, which may be regarded as some 
set-off to the ghastly waste of war. 

In the course of a letter to The Times of last Tuesday, 
Mr. Sidney Low states that “those who look for 
American aid to relieve us from our immediate 
difficulties should read the accounts of the proceedings 
in the United States Senate on March 27 and the 
following days. The Senate’s Committee on Military 
Affairs took evidence from an officer in charge of the 
aviation programme. This officer testified that only 
one fighting aeroplane had thus far been sent from 
the United States to France. Senator New declared 
that of the 12,000 combatant planes which were to be 
delivered to General Pershing by July 1 not more 
than 37 will be deliverable by that time. Senator 
Lodge stated that only two cargo ships had been com- 
pleted in the yards under the control of the United 
States Shipping Board. The same authoritative 
speaker said that, though the American War Depart- 
ment had spent six months in endeavouring to make 
an improved model of the French “75,” it had failed 
to produce an adequate weapon, so that every gun 
in General Pershing’s lines has had to be brought 
from a British or a French factory. 

“* As these statements and reports have been widely 
circulated in the American Press, I am conveying no 
information to the enemy by repeating them. But 
I think it desirable that they should be known and 
appreciated in this country, as they can be without 
in the least undervaluing the effort or the spirit of our 
friends beyond the Atlantic. . . .” 

Mr. Low, as we all most emphatically do, rejoices 
in the moral support of the resolution of the American 
people, but adds that for months to come the burden 
of checking and defeating the Germans must continue 
to be borne by France and Great Britain. 











Representative shipyard trade unions and the 
Shipbuilders Employers Federation met Lord Pirrie, 
at the Admiralty last week, when plans for the settle- 
ment of trade differences by local committees in ship- 
yards were discussed. It was agreed that where 
possible all differences are to be settled in the yard in 
which the dispute arises by the usual trade machinery, 
and that Government intervention shall only take place 
in the event of the parties agreemg that the former 
method is unlikely to effect a settlement. 

Speaking at a conference of the tanning and currying 
industry held Jast Monday, the 22nd inst., at the 
Leathersellers’ Hall, to consider the formation of an 
Industrial Reconstruction Committee, Dr. Addison, 
the Minister of Reconstruction, stated that a sufficiency 
of raw material for industrial purposes after the war 
would depend primarily on the rapid provision of 
merchant ships. It would not be possible abruptly 
to cease all forms of Government control in respect 
of some commodities. It was necessary to secure 
the proper and sensible use of the tremendous facilities 
of the British Empire in respect of raw material supplies. 
With our Allies we had control of the great bulk of the 
essential raw materials of industry. 

From information which he had obtained from the 
shipbuilding yards, he thought that the restoration of 
tonnage would be much more rapid than many people 
imagined, The only desire of the Government was to 
institute such methods as would conduce to the interest 
of the industries. The rapid turnover from war to 
peace was the first essential. Whatever nation got 
a good and early start after the war would promote 
its permanent prosperity enormously. Arrangements 
had been made by the Industries Committee dealing 
with priority questions to give new provisional priority 
when applications were made for the opening up. of 
new industries, the desire being to encourage the 
industries to go ahead in preparing to take up work 
after the war. 

Dr. Addison also spoke of the need for practical 
co-operation in our industries, and added that Germany 
had been able to make inroads into British commerce 
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through her financial, mercantile and other organisa- 
tions, by means of which she had obtained detailed 
information of British enterprise in all parts of the 
world. 


The Minister of Munitions has received the King's 
command to convey to the officials of the Ministry, 
to the employers, and to the men and women munition 
workers throughout the country, His Majesty’s high 
approval of the exertions made during this critical 
time, his satisfaction at the high results achieved, and 
his thanks to all concerned. 

Practically all the losses and expenditure of munitions 
during the battle have already been made good without 
any undue depletion of normal reserves, out of the 
resources which have been held in readiness and by 
the additional effort which has been made. There are 
actually now, the communication adds, more service- 
able guns, machine guns and aeroplanes with the 
British armies in the field than there were on the eve 
of the German attack. The other supplies of all 
kinds are forthcoming in abundance. 





We are informed that a recent communication 
from the Executive of the Amalgamated Society of 
Engineers to the branches of the society states the 
following: “‘It must be. remembered that the cause 
for which our comrades are fighting overseas is one 
which the nation believes to be just, and any action 
which would tend to weaken the nation would be 
disastrous to the future of the working-class movement.” 





Speaking in London last Sunday, at a meeting of the 
National Society of Operative Printers and Assistants, 
Mr. G. L. Berry, the president of the American Press- 
men and Assistants’ Union, and a member of the 
American Labour delegation to this country, said that 
on behalf of 4,000,000 organised workers in the United 
States he was authorised to give a message of hope 
and encouragement. He stated: “ You have got to 
stick it out at this momentous crisis and to hold out 
till America, who is heart and soul with you and your 
Allies, has got into her stride, which she will succeed 
in doing before very long.” 





Lord Furness presided at the ordinary general 
meeting of.Irvine’s Shipbuilding and Dry Docks 
Company. Limited, held in London on the 17th inst., 
and said it was very pleasing to notice that the repre- 
sentatives of the employers and workmen on the 
North-East Coast in the shipbuilding and allied 
industries had recently passed a joint resolution stating 
that ‘The industrial forces in the North-East Coast 
ordnance, shell and aviation shops, engine works, 
shipyards and ship-repairing establishments assure 
their comrades in the fighting line that they will do 
everything in their power to turn out in increasing 


. . “ae a 
numbers guns, shells, engines, ships and other munitions 


of war. Employers and workmen stand shoulder to 
shoulder determined to maintain and increase their 
efforts until complete victory crowns our arms.” 
With this encouraging spirit animating our shipyard 
workers, he for one was not pessimistic, and felt sure 
that the shipbuilding industry of this country need not 
fear eclipse, even by our American cousins, who were 
putting such tremendous energy into the vital task 
of building ships in the present emergency. 

With the object of bringing the company’s plant 
into the highest possible state of efficiency, so that 
the available labour may be utilised to the greatest 
advantage, they were arranging to install the plant 
necessary to drive the whole of the machinery at their 
harbour yard by electricity. 

The Minister of National Service issues the following 
statement as to the calling-up for military service of 
the older men who have become liable under the 
Military Service Act (No. 2), 1918 :— 

Instructions are being issued to recruiting officials 
that the necessary number of men.of the new age are 
to be recruited in such a way as to avoid unnecessary 
disturbance in essential industries, provided an 
adequate flow of recruits can be obtained from among 
the younger men now exempted or protected from 
military service. The cancellation of exemptions 
im age groups in given industries or occupations by 
Proclamation or Order is not intended to preclude the 
recruiting of men above those ages in the industries 
or occupations affected, where the tribunals consider 
that they should be made available for military service, 
and the extent to which such men are made available 
will proportionately reduce the call that has to be 
made upon the older men. 7 

(1) It .is not proposed at present. to call. up for 
service or even for medical examination: men ‘of the 
new military age who are registered as engaged ‘in 
agriculture, Government constructional work, ‘¢¢., 
aerodrome construction, mines, ‘munitions, railways 
and ‘transport, shipbuilding. (2) The protection 
afforded by the present List of Certified. Occupations 
R. 136 extends to men of the ages now made liable 





to military service, if they are in one of the 
occupations specified. (3) Men of the new age will 
be called up for medical examination by age groups. 
The first group will include the men born in 1874 and 
1875. (4) No man will be called to report for service 
until after he has been medically examined; and 
every notice calling-up an older man for service will 
give 14 days’ notice of the time and place at which he 
is to report. For the time being, men of the new 
military age wili not be called up for service unless in 
Grade 1 or Grade 2. (5) Every man of the new age 
will have full opportunity of exercising his tribunal 
rights. Particular care will be taken by National 
Service Representatives appearing before tribunals to 
see that full consideration is given to cases of directing 
heads of businesses, and key men of working staffs. 
(6) Special instructions will issued containing 
directions as to the medical examination of the older 
men. (7) Subject to military exigencies the corps to 
which the War Office propose to post the older men 
are: (a) Combatant service—Home Defence Infantry, 
and Garrison Battalions at Home and Abroad; Royal 
Field Artillery, and Royal Garrison Artillery at Home. 
(6) Auxiliary services at home and abroad, such as 
Royal Army Medical Corps, Army Service Corps, e.9., 
Motor and Horse Transport, Remounts, Supplies, &c. 
Army Ordnance Corps, Veterinary Corps, Inland 
Water Transport and Dock, Railway Troops, Roads 
and Quarries. Such men will also be posted to the 
Air Force for duty with the squadrons. Men of the 
older ages who are called up and have the necessary 
qualifications will have the usual opportunities of 
becoming officers in the various services in the Army 
for which they are suited. (8) Special instructions 
will shortly be issued dealing with duly qualified 
medical practitioners. (9) Notices calling up men of 
the new age for medical examination are being pre 

from information available on the National Register. 
Particulars have in many cases not been furnished to 
the local authorities concerning men who patriotically 
volunteered for service and actually served in the 
armed forces of the crown since August 15, 1915. If 
calling-up notices should inadvertently be sent to such 
men, full particulars of the unit, corps or branch of 
the forces in which he served or is serving should be 
given on the back of the notice, which should be 
returned to the office of origin. This will enable the 
registers to be corrected, and will obviate inconvenience 
to the addressee’s relatives and friends. 

A number of instances have occurred recently where 
men employed on work for which the age of protec- 
tion under the Schedule of Protected. Occupations is 
high have moved to other work where the age is lower, 
in the hope of evading military service, The Minister 
of National Service draws attention to the fact that 
the schedule excludes such men from protection, since 
the lower age only applies to men, engaged on work on 
or before the dates indicated in the schedule, for 
instance, January | in the case of shipyards. Steps 
are being taken in accordance with the schedule to 
call up such men for military service from the works 
to which they have transferred. 





In a letter to The Times of last Tuesday, Dr. H. M. 
Vernon, of Magdalen College, Oxford, says it is 
universally agreed that at the present moment ship- 
building is the most important industry in the country, 
and it appears that all men engaged upon it, whatever 
their age, are to be exempted from the Army. Though 
such exemption may be necessary, it surely carries 
strict obligations with it. A man ought to be allowed 
to retain his privileged position only if he works well, 
and yet we find that in some of the shipyards there 
is an excessive amount of slacking and bad timekeeping. 
In one of the largest and most reputable of our ship- 
building firms he has been making inquiries for the 
Health of Munition Workers’ Committee, and finds 
that, though the men in the engine works keep good 
time, many of the men in the yards do quite the 
reverse. The riveters are the worst, and figures show 
that in February and March of the present year 26 per 
cent. of the journeymen riveters (7.¢., those who have 
served their full apprenticeship) missed their before- 
breakfast work (6 to 9 a.m.), and 9 per cent. of them 
were absent for the whole day. 

But worst of all were the apprentice riveters, 
for on an average they missed more than one whole 
day of work every week. besides missing before- 
breakfast work on another day. This was not because 
they were working long hours, as it was very seldom 
indeed that they were called upon for more than their 
normal 54 hours per week. In September-November, 
1916, when they did work overtime rather more 
frequently, they stayed away for two whole days a 
week, and missed- their before-breakfast work on 
another ‘day..-These apprentices are mostly young 
men of 16 to 22, who easily earn more money than th 
know how to spend, and so do just as much or as little 
work as they feel inclined to do. . Such a condition of 
affairs is outrageous at the present crisis, and it is 
to be hoped that the Director-General of National 





Service will lay down a rule that no man engaged in the 
shipbuilding and other protected trades can claim 
exemption as a right. He should retain the privilege 
only so long as he works well and keeps good time, 
and failing this he should be drafted into the Army. 
If, after due warning, a small number of the worst - 
offenders among the apprentice riveters were taken 
off in this way, the moral effect upon the rest of the 
shipyard workers would be so great that their time- 
keeping and output would be certain to improve in 
greater proportion than would correspond with the 
labour lost = the withdrawals. In other words, the 
total output of the shipyards would be improved, 
while the Army would obtain a number of recruits 
in addition. 





Three meetings, attended by practically the whole 
of the adult workers in the employment of Messrs. 
Cammell Laird, Birkenhead, have been addressed on 
the need for increasing the output of ships by Sir 
George J. Carter, K.B.E., the managing director. 
About 3,000 were present at each of the meetings. 
Sir George said it was urgently necessary that the 
management and the men should closely co-operate 
in this time of crisis in order to attain the greatest 
possible output of new tonnage and the utmost speed 
and efficiency in the repair and refit of both naval and 
merchant vessels. He added that it was the united 
desire of both employers and men that all matters 
relating to labour in shipyards and marine engineering 
works should be brought under the administration of 
one Government department, and that such questions 
should only be dealt with by that department after the 
duly appointed representatives of employers and 
employed had failed to arrive at an agreement: He 
strongly advocated the introduction: of a shorter 
working day, in order that men might have leisure 
for rest and recreation and for education in its broadest 
sense. In this time of national peril there was, of 
course, no question of shorter working hours. The 
need was for maximum production and longer hours 
But he hoped the time was not far distant when the 
employers, through their organisations, and the men, 
through their societies, would meet together and 
mutually agree to shorten the working hours. He 
had always been a believer in organised labour. 





TRAINING OF Motor Vo.tunTEERS.—There are still 
a number of vacancies in Group No. 1 of the City of 
London Motor Volunteer Corps both for motor drivers 
who have their own vehicles and other drivers who are 
willing to enrol as spare drivérs as occasion arises. In 
view of the new regulations making it compulsory for 
all exempted men, in future, to join the Volunteere, 
an excellent opportunity is afforded to motor drivers to 
fulfil this condition. ere is no subscription to the 
Corps, and the number of drills required to be performed 
is not excessive. Full particulars can be obtained from 
the Adjutant, Group No. 1, Captain F. G. Bristow, at 
the Headquarters, 83, Pall Mall, 8.W. 1. 

Use or Soar Firms 1x Enorveertne.—-That the 
fascinating study of soap films has its practical utility 
had been pointed out by Sir James Dewar in the course 
of his Royal Institution discourses on soap films, and 
last Friday Sir James, in the same place, listened 
to a lecture on one of the ways in which this study helps 
the engineer to solve difficult problems. Major G. I. 
Taylor was discoursing on “The Use of Soap Films in 
Engineering,” explaining the use of soap films in solving 
torsion problems, a subject which he, in conjunction 
with Mr. A. A. Griffith, had brought before the Institu- 
tion of Mechanical Engineers in December last (see 
ENGINEERING, Decomber 21 and 28, 1917). In his intro- 
duction Mr. Taylor demonstrated the nature of torsion 
problems with the aid of cylindrical rods of high elas- 
ticity, made out of a preparation of gelatine, glycerol 
and soap. Straight lines, parallel to the longitudinal 
axis of the cylinder, and circles representing normal 
cross section, were drawn on the cylinders, and it was 
shown that the squares thus formed were changed into 
rhombic figures when the rod was twisted, that the 
stresses were both lateral and upward and downward, 
and that an overstrained cylinder would break in a 
plane, approximately at 45 deg. to the axis. When the 
cross section of the rod was circular, the curves of equal 
stresses were concentric circles. In an elliptical rod 
the elliptical curves were more crowded in the direction 
of the minor axis than in the direction of the major 
axis. This seemed contrary to expectation. It was 
demonstrated, however, that in the case of an elliptical 
rod the cross section of the twisted rod did not remain 

lane, but was distorted out of the plane, so that the 

irection of maximum strain was displaced. As regards 
the mathematics, Major Taylor mentioned one fact 


underlying his method, to which he had not referred in 
his r before the Institution of Mechanica] ineers. 
It thad been proved by Fraenkel, of Géttingen, he said, 


that the equations of St. Venant, representing the 
torsion of an clastic bar, were exactly of the same form 
as those which represented the displacement of a soap 
film due to a me tt pressure acting on its surface, the 
film being stretched over a hole in a flat plate of the 
same shape as the cross section in question. The slight 
difference in air pressure, which produces the displace- 
ment of the film, need not be determined, as was pointed 
out by the investigators in the originu] paper. 
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THE CANAL QUESTION. 
To tHe Eprror or ENGINEERING. 

Sin,—A letter appears on page 438 of your issue of 
the 19th inst., signed “‘ Punter,” in reference to the canal 
question. 

Whilst ‘“‘ Punter” apparently knows ee | of 
the financial condition Te canals in France, we think he 
looks upon the use of the Th ry ec ial craft, 
if not bom a biassed, at least from a superficial, point 
of view. 

From the nom de plume we imagine that when he has 
been on the river he has been more interested in the 
scenery than the commerce of the nation, otherwise he 
would know that there is a considerable traffic on the 
Upper Thames in commercial craft. That he so vaguely 
refers to the tonnage carried by Upper Thames barges 
seems further to prove that his knowledge is superficial. 
Practically all the barges working the Upper Thames 
are capable of carrying only about 100 tons as far as 
Reading and 60 tons up to Oxford, which is again reduced 
in those barges which are fitted for towing purposes by 
about 40 tons. It is not probable that if the canalisation 
of the Upper Thames was carried out in such a way that 
it permitted reasonably large-sized barges and deep- 
draught tugs to navigate above Teddington right through 
to Oxford the volume of merchandise carried would be 
very considerably increased, because the t 
and tug used in the Lower Thames coul 
goods right through without trans-shipment. 

We think the point of the canal question is that the 
cheapest of tr t should be encouraged, 
whereas it is very seldom indeed that a vessel makes a 
passage from Teddington to Oxford without some 
complaint being made by punters taking their ease who 
object to the slight noise, unavoidable smoke and even 
the sight of commercial craft ; in other words, commercial 
craft use our big highway above Teddington on sufferance, 
and the complaints unfortunately arise mostly from the 
idlers. 





of barge 
then carry 





.Yours faithfully, 
(For Perman and Co., Limited), 
PERMAN, Managing Director. 
82-83, Fenchurch-street, London, EC ; 
April 24, 1918. 





ELEMENTARY ECONOMICS AND THE 
EDUCATION BILL. 


To THe Epiror or ENGINEERING. 

Sir,—In my pode eng ore in your issue of the 
19th inst., were outlined as briefly as ible the three 
fundamental obligations upon fulfilment of which 
depend the existence and prosperity of every community 
or nation. But there are also circumstances peculiar 
to every nation which have to be considered when 
devising any scheme of National education. In this 
country these are :— 

1. A burden of debt amounting to about 200/. per 
head (assuming pensions to be capitalised) on every man, 
woman and child in the United Kingdom. 

2. A great number of the young and best men who 
should have been the fathers of the coming generation 
are killed, and a still greater number crippled and unfit 
to maintain, unaided, the st le for existence. 

3. A very great number of young women, potential 
mothers of the next generation, whose mates have been 
killed, and who must work for their living in competition 
with the surviving men, in occupations hitherto reserved 
by men for themse]ves. 

a = aera 
more acute on the Continent of Europe, especially in the 
Central Empires, which are Prosoe ag full of » Mec 
women and children, clamouring for food and ready to 
work any length of time at any wage that wil) kee 
soul and body together. Competition to live, whi 
means competition to sell, will be fiercer and more bitter 
than it has been for centuries, for all the white races 
will be, in greater or less degree, similarly burdened. 
It is inevitable that the young men and women of the 
present and future generations will have to live and work 
under these conditions, and if they are to survive must 
be so educated as to work successfully and_profitably 
under them. Youth here must begin to work early for 
two reasons. Specialisation, or proficiency and skill, 
in most trades can only be taught and acquired early, 
and men and women in other countries will begin in poe 
youth to compete with us here for their living. The 
problem before any body of men trying to devise a 
system of national education is to r ile it to the 
t fundamental economic laws and to the onerous 
conditions of life which prevail now, and will become 
heavier in the future. 

Education must not be made so heavy a tax on either 
the community, or the parents, as to be the cause of 
restriction on production of children. It is a fact 
established by observation and statistics that in countries, 
or classes of society, in which children are a burden, 
population is stationary or declining, and that when 
children are permitted to help their parents at a com- 
paratively — age it increases. No European, no 
white race, will be rich enough to keep its youth un- 
employed, or partially employed beyond 14 years of age, 
for many generations to come, The country which tries 
the experiment will institute national suicide disguised 
as national education. 

Strong inducements must be offered to parents to 
bring to useful maturity large families of healthy 
children, and this can be done only by making the 
hildren an asset to the parents, without at the same 
time permitting them to exploit the labour of their 
children. One very strong inducement would be to 
make the children contribute to the old-age pensions of 
their parents, The pensions of bachelors should be 


conditions will be still 








reduced to a minimum or even nothing at all; and 
employers should be compelled to collect from the 
children a small proportion of their earnings which 
would be paid in, through a card, to Government towards 
the pension of their parents. The more children, the 
bigger the pension, for these contributions by the 
children would be for the benefit of their own parents 


only. 

ery girl should complete her studies with a course 
of domestic economy and the management of children. 
No community is healthy, nor does the ——— 
increase, in which there is a surplus of unmarried women 
and competition for husbands, therefore the young 
women of this country must be so trained as to be 
desirable and valuable helpmeets to men in the Colonies 
and abroad where there is a surplus of unmarried men. 

It is the experience of teachers of pupils from all 
classes of society, that only a very small proportion of 
the boys and girls are capable of benefiting by 5 oregon 
at school beyond a comparatively early age. rains are 
much en difficult to ae than Tete. School 
teaching quickens the brain up to a point which is reached 
in most cases very early, and deterioration results from 
keeping such pupils at school or college till near maturity, 
for they learn idle habits and become more or less 

lished and accomplished loafers, work-shy and waiting 
‘or a genteel occupation. On the other hand, it will 
usually be found that the great majority of pupils are 
strong on one subject or trade, and if Me thm in the 
direction of their natural bent become useful and 
successful members of the community. 

Lastly, for the preservation, security and prosperity 
of the community every young man, without exception, 
should be atrained fighting man, fully equipped and ready 
to step into his place in his appropriate military unit. 
All this can be done without raising the age for leaving 
school, or increasing the burdens on the parents. 

What is required is a combined system of civil, 
technical and military education, a system that wil] turn 
out specialised men and useful women, not young people 
crammed with odds and ends of general information and 
knowledge which are of no particular use to them, and 
which are very appropriately called ‘‘ general education.” 
It is because the teachers have been compelled to dispense 
“‘ general knowledge "’ to every patient, no matter what 
kind of mental strength or weakness he enjoyed or 
suffered from, that our present system has failed. Why 
aggravate its defects ? 

At present, in most schools, the classes are far too 
large and the teachers are unable to give individual 
attention to their pupils, or to study their characters as 
they should. More teachers and smaller classes are 
required, and to attract the right class of men and 
women, higher salaries and better pensions should be 
offered. r. Fisher’s recommendations on this point 
are sound, 

As regards the children, the example of Sweden and 
Norway should be followed and more time devoted to 
physical training. In Board Schools oe too little 
time is given to systematic scientific developmént of 
the growing body. On entering school every child 
should be requi to produce from a competent doctor, 
a form, specially prepared for the purpose, giving full 
details of weight, measurements, condition of eyes, 
teeth, vital organs, and of any malformations or defects 
which are very common and usually amenable to appro- 
priate treatment in early youth. 

It would make too great a demand on your space to 
elaborate the details of a system of ordinary school educa- 
tion combined with technical and military training, 
which would be continued after leaving school at 14. 
It is quite simple, practical and inexpensive. It gives 
every boy and gir] who has sufficient capacity and power 
of concentration and application an opportunity of rising 
in life, and it fits those who have not the brains to become 
foremen and leaders, to be useful citizens. It would also 
turn out men trained and ready, fit to take their places 
in the ranks at any time. 

This scheme was fully detailed in ENGrverrine of 
August 13 and 20, 1915, and was approved by leading 
practical men, as well as school teachers. It will not 
appeal to the advocate of general education who 
apparently believes in trying to turn out “all-round 
men,” a kind of putty or plasticine creature who can be 
squeezed comfortably into any kind of opening, and fill 
it more or less satisfactorily. The opening might be 
filled to the satisfaction of the occupant, but whether 
the work would be well done is not by any means so 
certain. 





Yours faithfully, 


Peter Swan. 
April 22, 1918. 





THE MILITARY AUTHORITIES AND 
ENGINEERS. 
To THe Eprror or ENGINEERING. 

Sir,—The lucid way in which “ Suum Cuique Tributo ” 
exposes the laissez-faire policy of the Institution of Civil 
Engineers in not adequately safeguarding and upholding 
the interests of its members, will appeal to many 
corporate members yA the —a © 0 feel that this 

’ ere the cream of the engineeri: ro- 
feaston of the British Empire, and seemingly pon Foe 
that ition of pre-eminence in other matters, has so 
prevedl aoe failed to uphold the status of many corporate 
members who are serving the State to-day. 

Other professional bodies with no higher credentials 
have, by the exercise of firmness and tact, secured for 
their members a status which it is universally conceded 
their value to the State demands. 

This ie unfortunately far from being true of many 
corporate members of the Institution, who, before and 


during the present war, have steadfastly endeavoured ' 





to serve their country, and uphold the highest ideals 
of the profession in all matters pertaining to engineering 
generally. 

It is felt by a large number of its corporate members 
that it is time that the Institution of Civil Engineers, if it 
really desires to maintain and uphold not only its premier 

ition among engineering institutes, but its position 
in the front rank of professional associations, should take 
immediate steps to secure the full professional recognition 
of its members in Government service, and that they are 
accorded the same status and privileges accorded to 
other professional bodies, including military officers, 
whose importance to the welfare of the State is in no wise 
greater. ‘ 

Many corporate members feel that the Institution has 
largely failed to uphold their position, and that it is 
time, assuming that the Institution is not prepared to 
press the urgent and just claims of its members with more 
vigour than in the past, that they join forces and form a 
professional association of British engineers, which will 
consider the interests of its members in exactly the 
same way that the British Medical Association safe- 
guards the position of the physician and surgeon. We 
enclose our signatures and are, 

ours faithfully, 
‘‘ EIGHTEEN CORPORATE MEMBERS.” 





April 18, 1918. 





ELECTRICITY VERSUS GAS AND COAL FOR 
DOMESTIC USE. 

To THE Eprror or ENGINEERING. 
Sim,—Until recently it had to be admitted (1) as 
ards illuminants that incandescent gas lighting was 

a little cheaper than illuminating by electricity, (2) as 
regards heating, that coal fires were cheapest, (3) as 
regards cooking that gas fires were the less costly, and 
(4) as regards heating water that nothing would compete 
with a coko-fed boiler. 

With electricity, though produced under the most 
approved conditions, no such concessions would be 
necessary for electricity is and can be produced so that 
nothing can compete with this source of energy when all 
considerations are taken into account. most 
approved conditions of production of electricity is 
carbonising coal fed into retorts for production of gas 
at a certain caloric as has been found best for production 
and abstraction of various residuals and burning such 
gases for generation of steam for electrical energy. 

The value of the abstracted residuals alone is worth 
more than the coal consumed, so it may easily be 
conceived how the claim above-made is true. 

Other considerations which have, and always must be, 
conceded in favour of electricity as compared with direct 
burning of gas, coal or oil are (1) more hygienic, (2) more 
safe, (3) less wear and tear, (4) less renewals and cleaning, 
(5) less shrinkage in roasting of meat of about 25 per 
cent. 

Can any of your readers give particulars as to the best 
kind of retorts for carbonising coal for production and 
abstraction of residuals and ‘producing gas for boilers 
as referred to above ? 

Yours faithfully, 


April 12, 1918. A. A, J. 





AIR PUMPS. 
To THe Epiror or ENGINEERING. 

Sir,—I am much interested in Mr. Edwards’ letters 
re ‘‘ Edwards’”’ air pumps in your issue of this week 
and of October 12, and I should be much obliged if he 
can say how the horse-power required for different sizes 
of ‘“Edwards’” air pumps can be caiculated. I 
remember seeing, a few years ago, a diagram giving 
the horse-power required for different sizes and speeds 
of air pumps; and if Mr. Edwards could give such 
information, it would, I am sure, be of great interest to 
many of your readers, as well as to myself. 

With regard to the indicator diagram, Mr. Edwards 
does not say where the indicator was connected to the 
air-pump casing. Apparently the indicator was fixed 
to the end of a pipe. If the indicator had been fixed 
directly to the air pump barrel a different diagram would 
probably have been given. It would be of great interest 
if Mr. Edwards can give a di m showing correctly the 
pressures in an “‘ Edwards’”’ air pump; and also if he 
can say what horse-power was actually required to drive 
the pump. 

Yours faithfully, 

April 20, 1918. 8. 





LONG-RANGE GUNS. 
To THe Eprror or ENGINEERING. 

Sir,—It is doubtless true that high chamber pressure 
in a long-range means thick-walled shells with but 
small bursting ¢ . 

But why need ‘the chamber pressure be so high ? 
Would not a longer gun permit the use of lower and 
longer-maintained pressure, thin-walled shells and big 
bursting charges ? 

Yours ema 
ie eA 





Tue German Duntor Company.—The affairs of the 
German Dunlop Cogan at Hanau have not improved 
under their present German management. It was first 
placed under compulsory German administration, and 
soa Conia’ the shares —— “tee to the ag pod 4 
an ie Company. t 1 Company, to eac! 
firm, when the compulsory administration ceased. The 
profits on business last year amounted to 156,496 marks, 
against 2,640,822 marks the previous year, the loss on 
last year amounting to 1,190,386 marks, against profits 
amounting to 845,992 marks the previous year. 
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Total generator k.v.a. x 100 | 
Percentage generator reactance | 

Taking this as the unit, Figs. 6 (page 441 anie) and 15 | 
show the reduction with different values of busbar | 
reactance “‘B” expressed in terms of the generator | 
reactance “‘A” and for different numbers of busbar | 
sections. 


Fig. 6 represents the star design and Fig. 15 the closed | 
ring design. In the latter, current is fed from both | 
sides so that reactances are required of about twice 
the ohmic value for the same degree of protection. In| 
Fig. 15, therefore, the vertical scale has been doubled, | 


Short-circuit k.v.a. = 


THE CONTROL OF LARGE AMOUNTS 
OF POWER.* 
By E. B. WepMorzE, Member. 
(Concluded from page 443.) 

APPENDIX IV. 
CURRENT-LIMITING BY THE USE OF BusBAaR 
REACTANCE. 

” THE question is how far in the system generally can 
the short-circuit current be controlled by the use of 

busbar reactance in the generating station. 











ig.16. REDUCTION OF SHORT-CIRCUIT BY THE 
EMPLOYMENT OF REACTANCES INCLOSED RING Ftg. 16. REDUCTION OF SHORT- CIRCUIT WITH STAR DESIGN 
Number of Sections Number of Sections 





(N — 1) +(RN+1) 
w (ZN+1) 


A = generator reactance. 
B = busbar reactance. 
N = number of sections. 


where 


The results are shown in a different form in Fig. 16, 
the horizontal ordinates in which are the inverse of 
those in Fig. 6. It will be noticed that the factor f 
has equal increments for each additional busbar section. 


Fig.17. COMBINATIONS OF MACHINES REQUIRING 
MAXIMUM TRANSFER CAPACITY 
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five variables :— 


(a) The working voltage. 
(b) The total generator capacity. 


(c) The generator reactance whether internal oF| 14 with this alteration it will be seen that the two 
(a) m1 — -. aoininis sets of curves are very similar. ‘ abe : 

usbar nsf b — : In Fig. 6 from the bottom of the diagram it is evident 

te), Zhe, quapber of bustar sections, | that the introduction of a small amount of bus bar 

The results obtainable may be reduced to a single | reactance has a big effect in reducing the short-circuit 

di » using the short-circuit current obtainable | yalues. As the reactance value is increased, its effective- 

without busbar reactance as a unit. This is readily ness by no means increases proportionally. The same 

ascertainable as follows :— is true of increasing the number of sections. The curves 

| are figured from the following formula, gi the factor 

* Paper read before the Institution of Electrical | f, that is, the ratio between maximum short-circuit 

Engineers. , | currents with and without reactance :— 


(seem 


The value of the short-circuit current depends upon 4 6 e 
| Number of Sections 
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These curves are based on the assumption that the 
full complement of generators is connected to each 
busbar section, whereas the worst case in practice is 
shown in Fig. 17. Separate curves would be required 
for each case there shown. The above curves give 
results a little on the high side if the total generator 
capacity is taken as a basis, and on the low side if the 
maximum of machines running on maximum output is 
taken as a basis. 

These curves cover the ground of what is practicable, 
as it will be shown later that the amount of busbar 
reactance permissible is limited by the permissible 
voltage difference between busbar sections, and that 
in the endeavour to keep down short-circuit stresses the 
increase of generator reactance will keep down the 
ratio well within the range of the above curves and within 
economical limits. These are the factors which will 
be found to determine the cost, but a few words may be 
said here on the question of the best value of the ratio 
B/A from the cost aspect. 

We have to consider the total protective value obtained 
with generator plus busbar reactance, and this is indi- 
cated in Fig. 18, in which the vertical scale gives. the 
number of times the short-circuit current exceeds the 
normal output of the machines. It should be noted 
that these curves are figured on the total plant capacity 
and not on the maximum output of the plant. The 
show the ratio for two and for five sections and wit 
different values of busbar reactance. 

Based on these, Figs. 19 and 20 have been prepared 
showing different combinations of generator and busbar 
reactance giving equal protection. 

So long as the generator reactance can be provided 
internally the cheapest combination will be that with 
minimum busbar reactance, but even if all necessary 
protection of plant could be obtained with generator 
reactance alone it would still pay to employ busbar 
reactance owing to the protection afforded to continuity 
of supply. 

In case some of the reactance is put external to the 
generators there will be a value of B/A giving minimum 
cost. Th's ratio can be varied over wide limits without 
materially affecting the cost, and the best figure depende 
upon how much reactance is external and upon the 
number of busbar sections and transfer capacity required. 
As a rough guide it may be said that for five busbar 
sections the minimum is reached when B/A is in the 
neighbourhood of unity, and with two sections when 
Bis 1/3 A, but either ratio may be varied by two or even 
three to one without seriously affecting costs, so here 

in we have to look to technical grounds for our 
limiting features. 




















APPENDIX V. 
TRANSFER OF LOAD THROUGH REACTANCES. 


The conditions requiring the largest load transfer 
with different numbers of machines per section are 
illustrated by Fig. 17. The relation between the 
generator capacity tied to a section and the maximum 
load on that section is scheduled overleaf on the basis 
of machines of uniform size and of two spares. In 
practice one has to deal with unequal sections and 
machine capacities, but one aims at equal sections and 
generator capacity per tion, two small machines 
counting as one large one. The spares of largest size 
are the principal determining factor, so that the con- 
clusions wn give a good idea of what is required and 
indicate the basis on which individual cases should be 
worked out. 

Referring to Fig. 17, the diagram for two machines 
per section is typical. In this, the worst case occurs 
when the station is fully loaded, i.e., all but the two 
spare machines are running, and the two machines 
shut down are on the same section. The section is 
tied solidly to the adjacent section, forming one section 
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with two machines directly connected, this being the | 
permissible maximum. One reactance is also cut out, | 
so that the doubled section is properly protected by a 
single reactance. } 
conditions shown in the figure will arise not only | 
out of necessity, but also out of convenience in the | 
normal operation of the plant, and should be met by the | 
provision of ample carrying capacity in the reactance, 
rather than by special switching operations involving | 
the use of the auxiliary busbar. 
Schedule A gives the transfer capacity for the star) 
design for each of the cases illustrated. On referring | 




















to Fig. 17, and to the diagram for the ring design, | the capacity required is practically determined by the 
SCHEDULE A. 
TRANSFER CURRENT CAPACITY OF REACTANCES: STAR DESIGN. 
5 Load Load Load Load 
ma Maximum |Output per| Sections a Transferred | Transferred Transferred |Transferred 
Number | Capacity, | Lotal Section, | Coupled | govPac | to Coupled | to Coupled to Coupled | to Coupled 
of Om y, Output, One in One Sections, Sections, Sections, total | Sections, 
Sections. Machi Two Machine Worst Machine One Generator Generator Total 
y Spares. as Unit. Case. Ur it Machine (|Capacity of One Capacit Output 
as Unit. ae Unit. as Unit. |Sectionas Unit.| as Unit. as Unit. 
ONE MACHINE PER SECTION. 
5 5 3 0-60 2 1-20 0-40* 0-4* 0-08* 0-133* 
6 a 4 0-67 2 1-33 0-33 0-33 0-055 0-083 
7 7 5 0-71 2 1-43 0-43 0-43 0-061 0-086 
8 8 6 0-75 2 1-50 0-50 0-50 0-062 0-082 
9 9 7 0-78 2 1-56 0-56 0-56 0-062 0-080 
10 10 8 0-80 2 1-60 0-60 0-60 0-060 0-075 
ll ll | 9 0-82 2 1-64 0-64 0-64 0-058 0-071 
12 12 10 0-83 2 1-67 0-67 0-47 0-056 0-067 
TWO MACHINES PER SECTION. 
3 6 i 4 1-33 2 2-67 0-67 0-33 0-111 0-168 
4 e.-4 6 1-50 2 3-00 1-00 0-50 0-125 0-167 
5 10 | 8 1-60 2 3-20 1-20 0-60 0-120 0-150 
6 12 | 10 | 1-67 2 3-33 1-33 0-67 0-111 0-133 
THREE MACHINES PFR SECTION. 
2 6 | 4 2-00 1 2-00 1-00 0-33 0-167 0-250 
3 | 9 | 7 | 2-33 | 1 | 2-33 1-33 | 0-44 | 0-148 0-190 
4 ~ a | 10 2-50 1 2-50 1-50 0:50 0-125 0-150 
FouR MACHINES PER SECTION. 

2 a | 6 3-00 | 1 3-00 1-00 0-25 0-125 0-167 
3 S|... | 3°33 1 3-33 1-33 0-33 | 0-111 | 0-133 
FIVE MACHINES PER SECTION. 

2 10 | 8 4-00 0- 0-10 +125 


Sit hs 





* In this case one reactance carries load transferred to two coupled sections. In all other cases two or more share it. 


SCHEDULE B.—STAR DESIGN. 
Maximum VALUE OF B FOR DIFFERENT CONDITIONS. 





r section 





A study of Fig. 21 will bring out the meaning of the 
data scheduled. 

It will be noted that for a given total output and 
number of machines per section, the transfer capacity 
required does not vary much with the number of sections. 
The falling-off would be compensated if with the larger 
number of machines more than two spares were provided. 
It should also be borne in mind that the figures are based 
on one size of machine throughout, whereas on some 
sections, and especially the first installed, there will be 
an equivalent capacity made up of smaller machines. 
These require less transfer, so that in actual conditions 
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(1) Machines 2 3 4 5 
(2) Number of sections ox 7 5 4 3 2 
% Transfer capacity, worst case .. cs ae aa ea 0-43 0-60 0-50 0-33 0-20 
4) Maximum B for 2} per cent. difference os ot ee ° 5 4-6 5-7 7-6 9-2 
(5). Maximum B for 1} per cent. difference in volts with machines at 
50 cent. — factor .. ge ee es o« .. | Above 25 | Above 25 9-0 16-5 Above 25 
% law ely y= y, one machine off .. — a ein pare 0-43 0-30 0-17 0-08 0-00 
7) Maximum B for 1} per cent. difference in volts with machines at 
80 per cent. powerfactor .. ee 5 ays a as 4-0 7-2 11+5 Over 25 Over 25 
(8) Maximum B for conditions (5) and (7) 4-0 7-2 9-0 16-5 Very large 
SCHEDULE C.—STAR DESIGN. 
SHoRT-CrrcuiT FACTOR. 
Machines per section One Two Three : Four 
Number of sections 5 6 4 5 6 2 3 4 2 3 
Number ot machines 5 6 8 10 12 6 9 12 8 12 
Bus reactance B 4 4 7 7k 7k 9 9 9 16 16 
FACTOR IN TERMS OF ToTAL CAPACITY. 
Generator reactance A— Y 
10 percent. .. 3-8 3-6 4-1 3-5 3-1 5-6 4-5 3-4 5-6 4-2 
16 90 2-8 2-7 3-0 2-7 2-4 3-8 3-3 2-7 5-1 3-0 
20 es 2-2 2-2 2-4 2-2 2-0 2-6 2-6 2-1 3-0 2-4 
30 v0 1-6 1-6 1-8 1-7 1°5 2-1 2-0 1-6 2-1 1-8 
FACTOR IN TERMS OF MAXIMUM OUTPUT. 
10 per cent. 6-3 5-4 5-4 4-4 3-7 “4 5-8 4-3 7-5 5-0 
18 90 4°7 4-1 4-0 3-3 2-9 5-8 4-2 3-2 6-8 3-6 
iio 3-7 8-3 3-2 2-8 2-4 4-4 3-4 2-6 4-0 2-9 
30 ae 2-7 2-5 2-4 2-1 1-9 3-0 2-4 1-9 2-8 2-1 
FACTOR IN TERMS OF SECTION Capacity. 
10 per cent. 19 22 16 18 19 ll 14 14 ll 13 
15 o M4 16 12 4 14 8 10 ll 10 9 
20 99 il 13 10 ll 12 5 8 8 6 7 
30 a 8 10 7 9 9 + 6 6 4 5 


it will be seen that the transfer capacity in the 
first figure must be the same for both ring and star 
ign. In the remaining cases in the ring design the 
transferred load is divi between two reactances 
which so long as the ring is closw.d could therefore have 
half the current capacity. On the other hand, if the 
ring is broken, as it is bound to be from time to time, 
then in the worst case one reactance must carry the 
total transfer as in the star ign. This worst case 
is most likely to happen if there are only two busbar 
sections, and will happen in the other cases if we have 
two machines on one section down and need to shut 
down an adjacent busbar at full load, a rather unlikely 
contingency. If this case arises and is not provided 
for, then we shall be compelled temporarily to cut out 
t or operate with excessive potential differencé. 
With the ring design a compromise can be effected 





by allowing, say, three-quartsrs of the capacity shown 
design. 


for the star 














final total output aimed at, and must be made sufficient 
for this. 

For a pe amount of protection and number of 
sections, the number and ohmic value of the reactances 
are fixed, so the cost varies only with the transfer 
capacity. These curves therefore give a good idea of 
the relative cost for different numbers of machines per 
section. It will be seen that one hi r t 


Fig. 22 gives the results in a convenient alternative 


‘orm. 

Transfer of load through busbar reactances at high 

er factor.—When energy is transferred from one 
usbar section to another at a power factor higher than 
that of the load, the shortage of magnetizing current 
has to be made good by the machines connected to the 
section receiving ene These machines will then 
be operating at a reduced power factor and conse- 
uently with a reduced energy output. Fig. 23 shows 
the relation between rated output and power factor 
typical of modern machines, and it will be seen that if 
the machine is rated at 100 per cent. k.v.a. at 80 per 


23. OUTPUT OF TYPICAL GENERATOR 
AT DIFFERENT POWER FACTORS 


Fig. 






10%, 


Fig.24. VOLTAGE OMFFERENCE DUE TO TRANSFER 
OF LOAD 


Load transferred at SO%power 
factor in terms of Section capacity 


§ 6 
6 Reactance beween Basbar Sections 








25. INFLUENCE OF POWER FACTOR OF MACHINE 
AT 80 PER FACTOR 


Section Load wr terms 
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6-Reactance between machines 


cent. power factor, then the k.v.a. output is reduced 
ultimately to about 80 per cent. at zero power factor. 
Fig. 24 shows the voltage difference required for the 
transfer of load at 80 per cent. power factor through 
reactance between busbars, the reactance in this case 
being the effective reactance of any combination of 
units there may be in series and parallel between the 
sections in question. 
Fig. 25 shows the advantage of furnishing magnetizing 
current from the machines running in the section to 
which energy is being transferred. The load is again 
taken at 80 per cent. power factor. The lower curve 
requires transfer of load at 80 per cent. power r. 
With the top curve the whole current output of the 
machines running on the section is taken as magnetizing 
current. It will be seen in this case that with half 
the machines running, if the section output is to be three- 
quarters of the section capacity (i.e., allowing 25 per 
cent. spare plant), one is limited to 11 per cent. equivalent 
react betwee ines, but this rapidly increases 
up to a theoretical limiting figure of 30 per cent. as the 
power factor of the running machines is 

These curves are drawn for a potential difference of 
1}? per cent., this re being the drop due to the re- 
actance. There will be a small additional drop due 








gives the lowest cost, but in some cases with an imprac- 
ticable number of sections. 

Further calculation shows that the 
actances for a given e of prot 
with an increase in the number of sections, but on the 
other hand the cost of the necessary switchgear for the 
larger number of reactances is increased, and investiga- 
tion of two typical cases indicates that the balance is 
negligible. It is clear, therefore, that in considering the 
best number of sections to employ, the question of cost 
of the reactance equipment is not a guiding feature. 


cost of the re- 
+i ad 











rincipally to the energy component of the load causing 
FR drop. This will be in general less than } per cent. 
so that the figures of 1} and 2} per cent. chosen corre- 
spond toa maximum difference of about 2 and §} volts, 
pa variation from normal of 1 and 1} per cent. in 
volts. 

We can now determine the maximum value of busbar 
reactances for different conditions of running. se 
are set forth in Schedule B. This Schedule is prepared 
to cover different numbers of machines per section 
and of sections, and covers a very wide range, because 





it will be found that with a given number of machines 
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per section, the number of sections does not exercise 
much effect ; for in the first place one has to allow from 
the commencement the transfer capacity that will be 
necessary in the complete installation, and in the second 
place it will be found that if each likely combination 
of machines and sections is worked out in detail the 
maximum yalues of B do not vary much with the number 
of sections. 

The third line shows the maximum load transfer 
required at full load in the most unfavourable case as 
shown in Fig. 17, and the next line shows the maximum 
value of B for 2} per cent. voltage difference, the load 
being transferred at 80 per cent. power factor. 

If we meet this extreme case by adjustment of the 





machine power factor we get at once a big increase in 


Fig. 26. CURRENT-LIMITING REACTANCE. 
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Fig.28. DIACRAMS SHOWING FORGE IN 
CONDUCTORS CARRYING CURRENT. 


x. | 
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Fig.29. TYPICAL ISOLATING SWITCH 
SUBJECT TO LARGE FORCES. 
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the possible amount of reactance, and with a voltage , 
variation of 1 per cent. from normal we ‘can get t 
results shown in line 5. 

Generally at full load on any one section we can 
arrange to have not more than one machine shut down 
on that section, and can thus transfer at 80 per cent. 
power factor through much larger reactances. The 
figures are given in line 7. 

For investigation of the limiting effect on short-circuits 
the author has assumed this to be the normal condition 
of operation, and that adjustment of power factor will 
be resorted to only in the extreme case and then will be 
limited to 50 per cent. power factor. We then get the 
tmissible maximum B by combining lines 5 and 7. 

result is shown in line 8 and does not necessitate 
proaching the 50 per cent. power factor limit except 

re there are three or four unit machines per section. 
Based on these figures for B, the short-circuit factors 
are figured and shown in Schedule C. This factor is 
the figure by which the rated capacity or output, as the 
case may be, must be multiplied to get the maximum 
instantaneous output on short-circuit. 





APPENDIX VI. 
Design OF CURRENT-LIMITING REACTANCES. 
The special feature of reactances employed for current- 





limiting is that the current they have to limit on emerg- 


ency is many times the maximum current they may 
have to carry continuously. This feature puts these 
reactances in a class by themselves, and must be kept in 
mind in comparing different designs. 

There is no gain in the use of iron in the design, as in 
order to ensure the correct reactance under heavy 
currents the iron has to be worked at very low densities 
under normal running. In most cases the employment 
of iron will not give a cheaper design, but there are 
also other good reason for avoiding its use. 

These reactances are required generally for important 
circuits, and principally for use in beaters, and it is 
important that their use should not lower the factor 
of safety on the system. There are great and obvious 
advantages in employing a design in which all parts 





The coils are of circular formation calculated to 
withstand readily any bursting stresses, and are so well 
supported by the frame which is of concrete cast around 
the coils that they cannot become distorted. The con- 
crete is found to give ample insulation between turns 
for running conditions, but if subjected to abnormal 
voltages due to high-frequency disturbances it absorbs 
current to advantage, dissipating the energy as heat. 

The construction shown is one which readily admits 
of ing the ductors to the best advantage, and 
ample ventilation, and the materials employed are non- 
inflammable. 

A reactance of this kind installed in a brick chamber 
cannot break down to earth, as there is no good earth 
in the neighbourhood. 





Fig.2 7. SECTION OF CURRENT-LIMITING REACTANCE. 
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Fig.30. TYPICAL Ol. SWITCH. 












































Fig.3i. TYPICAL ISOLATING SWITCH 
SUBJECT TO SMALL FORCES. 
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are fully open toinspection, and this is impossible where 
iron is emplo 

It is essential that the device shall perform its function 
when an renee gw A arises. With a closed design with 
iron core some defect may develop and be overlooked 
until failure occurs, owing to the im bility of examin- 
ing individual windings without taking the whole thing 
to pieces and re-building it. 

Figs. 26 and 27 illustrate a reactance, designed for 
this class of service and showing how readily all parts 
can be inspected. The coils are of bare copper,so there 
is no insulating material to give trouble. The only 
high-tension insulators are the very substantial ones 
forming the feet on which the reactance stands. 





APPENDIX VII. 
Heatine anp Stresses pure To Heavy Currents, 


We have now considered how the concentration of 
power on a fault occurring can be limited. We have 
yet to consider the heating and stresses due to the large 
currents still be to dealt with, both under normal and 


under faulty conditions. 

Electromagnetic on conductors.—In modern 
practice conductors in different phases may be spaced 
at l-in. centres or less as in cables, or at 2-ft. centres 
or more as in large switchboards. 

With adjacent conductors at 12-in. centres i 
current in opposite directions, the maximum sopulies 
force between them will be 9 lb. per foot run for 10,000 
amperes, R.M.S. value. The force varies inversely as 
the distance and proportionally to the square of the 
current, and often attains serious proportions in modern 
practice. 

In a three-phase cable carrying 100,000 amperes on 
a fault the force may reach a maximum of 12,000 Ib. 
per foot run, and would approach this in the joint boxes. 

Conductors spaced 1 foot apart will be subjected to 
900 Ib. per foot run on the same current. If the con- 
ductors are securely fixed at the ends, the stress on the 
end supports may be many times this. It becomes 
essential to support the bars in such a way as to prevent 
these forces from causing destruction. 

A current of 100,000 amperes may be met with on 
the direct-current side of large rotary converters and 
on the low-tension side of large power transformers 
as well as on the high-tension circuits in very large 
power stations. 

In current transformers designed with multiple-turn 
| aang A windings and with coils lying side by side, 

to 





- large forces are produced on short-circuit, ten 


drive the coils apart and distort the ends if unsupported. 
With typical modern desi the safe limit is reached 
when the currents are of the same order of magnitude 
as indicated below also for heating limits. The trans- 


former should not be subjected to more than 200 times 


normal load current. 
the following formule :— 
D 
d 
where F = lb. per inch. 
These cases are illustrated by Fig. 28, and, based on 
A 300-ampere isolating switch of the type shown 


Where a conductor forms a loop there is a force tend- 
ing to e d the loop, the magnitude of which is given 
by 
In Fig. 28 (4), F= °@ (108.4? +01) x 107° 
In Fig. 28 (3), F = = (Ione 2p) 10° 

D = inches. 

C = amperes. 
the figures they give, a fair estimate may be made of 
most cases which arise in practice. 
in Fig. 29, or an oil switch of the type shown in Fig. 30 


with insulators at 10-in. centres, may have a force of 
100 Ib. distributed over the blade on a current of 20,000 
amperes, or 600 Ib. for 50,000 amperes. If the switch 
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be designed as in Fig. 31, the conductors will be almost 
in line with the blade, and the force due to the loop 
formation will be relatively negligible. 

It is good practice to lock or latch the blades of all 
back-connected isolating switches on 6,000-volt plants 
where the output may reach 10,000 k.v.a. or upwards, 
and to latch all switches where the out may exceed 
20,000 k.v.a. Thase figures are typical of what is re- 
quired. 

The forces acting on the conductor carrying current 
in the are in a direct-current circuit-breaker with 6-in. 
break may be roughly estimated. When the carbons 
separate, the force for 10,000 amperes may be of the 
order of 3 lb. per inch, and when a loop of 3-in. radius 
is reached the force will be again something like 3 Ib. 
per inch run. 

Design of large conductors.—Up to about 2,000 amperes’ 

pacity the design of eondasbors for alternating- 
current circuits presents no peculiarity except in 
machines and transformers where eddy currents may 
be set up in them, but above this “skin effect ” 
has to seriously considered, skin effect in 
circular conductors admits of simple mathematical 
treatment. The figures for conductors of square 
cross-section can be calculated approximately from the 
solution for cylindrical conductors. case of a 
— wide strip conductor also admits of easy solution, 
and by interpolation between these results one can 
arrive at a fair idea of what happens in rectangular 
conductors as usually employed for busbars and hea 
conductors, in the form of laminated bars with venti- 
lating ducts between the laminations. 

As to the thickness of lamination } in. is a common 
and convenient dimension with }-in. ducts. With 
vertical conductors the ducts should be increased where 
practicable to } in. There is no benefit in building up 
alternating-current conductors of bars } in. thick. 

So long as the total thickness of the copper in the 
several laminations added together does not exceed 
1} in., skin effect does not become serious, but above 
this oe it rapidly becomes a most important factor. 

Additional capacity can only be got by increasing 
the width of the bars in some way, or alternatively 
by so arranging them that the inner and outer con- 
ductors are changed over so that each current stream 
flows through roughly equal lengths of inner and outer 
conductor. The bar should then be constructed of an 
even number of laminations, suitably separated by 
light insulation and space provided for the cross-over 
connection, which is not a very simple affair. 

re currents of the order of 5,000 amperes or up- 
wards have to be or may have to be dealt with, it is 
therefore essential to provide ample room for the 
maximum width of strip which may be ultimately 
necessary and to keep down the maximum current to 
be dealt with, as for example by interleaving heavy 
incoming and outgoing circuits as in Fig. 8. 

Stresses due to Heating of Conductors.—If a copper 
conductor is prevented from expanding and is then 
heated, it will exert a stress of about 240 lb. per square 
inch for each degree Centigrade rise of temperature. If 
the supports spring sufficiently to admit of expansion 
taking place, stress will be limited to the amount 
necessary to spring the supports. 

A copper busbar 10 ft. long and 2 sq. in. cross-section, 
able to carry, say, 2,000 amperes, will thus exert a theore- 
tical maximum pressure of about 15 tons for a total 
temperature change, due to electric heating and 
atmospheric conditions, of 60 degrees C. This same bar 
for the same we change will increase in length 
by about } in. is can be absorbed by deflecting the 
pos | —_ sa inch So if it is free to move, 
or by slipping of t ronitssupports. Expansion 
is generally taken care of by slipping. It is, heaven, 
good practice on long busbars to limit this by the use 
of expansion joints. 

Heating Effects of Large Currents.—With the increase 
in the size of plant we reach limiting conditions due to 
heating effects, as we have on emergency conditions 
very high current densities to contend with. The heat- 
ing effect being proportional to the square of the current 
quickly reaches abnormal figures. A plant may be 

juite safe inst heating troubles and have perhaps a 

actor of safety of 4, but on doubling that plant the 











margin disappears. 
Tf heat is ang re in a conductor very rapidly there 
is no time for radiation, convection, and conduction 
to play their part, and the heat ig practically wholly 
absorbed in the conductor, resulting in a corresponding 
temperature rise. Currents flowing in copper con- 
ductors at 1,000 amperes a square inch will raise the 
temperature 50 rees C. per hour if the heat is all 
absorbed. On this is a current of 100,000 amperes, 
say 1,000,000 k.v.a. on 6,000 volts, will raise the tem- 
perature of a 0.1 sq. in. cable at the initial rate of about 
12,500 degrees C. per second. 

Under conditions which are permissible, the insula- 
tion on conductors does in fact absorb a iderable 


circuit for a current density limited to 100,000 or 125 


degrees C. rise per second. 





Cabl Maximum K.v.a. at K.v.a. at K.v.a. at 
©. | “Current. | 6,000 Volts. |20,000 Volts.| 30,000 Volts. 





sq. in. . 

0-025 2,500 25,000 85,000 125,000 
0-050 5,000 50,000 175,000 250,000 
0-100 10,000 100,000 350,000 500,000 
0-250 25,000 250,000 850,000 1,300,000 
0-500 50,000 500,000 1,750,000 2,600,000 

















The current values are R.M.S. values and the k.v.a. 
is red three-phase. 

e above figures give the initial temperature rise. 
The effect of the initial rise is, however, to raise the 
resistance of the copper conductors, the specific heat 
remaining steady so that the rate of rise is accelerated 
as it proceeds. The serious overheating of a conductor 
in a cable may damage the cable from end to end. 
Experience with stations desi in recent years and 
having a maximum short-circuit current of ten times 
their normal rated output, has shown that it is necessary 
that the smallest current transformer on the main switch- 
board should have a carrying capacity not less than one- 
twentieth the station output. rrent transformers of 
good design and much smaller than this have been known 
to be exploded by the heat generated on a short-circuit. 
On one plant already existing in this country it has 
been found desirable to limit the cross-section of the 
smallest conductor to 0.15 sq. in. The figures given 
above show clearly that in the large plants now in con- 
templation this feature will require careful consideration. 





Tae Soxtvusmiry or Smicon.—The hot springs 
(Geysirs) frequently carry silica in solution. The silica 
becomes insoluble when the water issues from the 
und, and coats the sources with silica, which may be 
licately coloured by metallic constituents; thus the 
famous White and Pink Terraces of New Zealand, 
destroyed by the Earthquake of 1886, were created. 
The chemist decomposes silicates by acids and dries and 
heats the gelatinous silica first produced, which is thus 
determined and — to be rendered insoluble in 
water and acids. It has long been known, however, 
that even crystallised quartz is not really insoluble in 
water, and that silica analyses are faulty for this reason ; 
but authorities differ considerably as to the actual 
solubility. In their recent investigation, V. Lenkerand, 
A. B. Merrill (Journal American Chemical Society 
December, 1917, pages 2630 to 2638) come to the con- 
clusion that there is little, if any, difference in the 
final solubilities of the gelatinous and of the ignited 
silica. But with gelatinous silica equilibrium (satura- 
tion of the solution) is obtained in a few hours or days, 
whilst with ignited silica equilibrium was not quite 
reached in the course of months. They experimented 
with platinum flasks which were charged with golatinous 
silica from SiCly4, purified of alkali, &c., which would 
render the silica more soluble, and added sulphuric acid 
and hydrochloric acid to the water, the temperature being 
25 deg. or 90 deg. C. They found that, at 90 deg., 
50 cub. om. of water dissolved 0.0214 gramme of silica ; 
on adding hydrochloric acid to the water the solubility 

slowly at first, finally to 0.0029 gramme ; 
with sulphuric acid the final solubility was 0.004 gramme. 
Geologically the question of the solubility or resolubility 
of crystallised silica is of considerable importance. 





New Mernop oF SEPARATION BY Gravity.—The 
~ ye makes = in his wy of different liquids 
of different specific gravities for the purpose of separati 
materials by flotation. Tho liquid medium used om 
have a greater density than one of the constituents of his 
substance and a smaller density than the others. In 
prelimi tests for coal-washing plants and also in 
—— the performance of such plants, use is made of 
zine chloride for separating coal from bony coal and 
slate. Commercially the use of such liquids as zinc 
chloride seems out of question, because they are too 
expensive and would enter the pores of the coal, and their 
qdmguas removal by washing with water would be too 
laborious, if not hopeless. It is, however, ible to 
prepare suitable fluids for these separations by keeping 
water stirred with small grains of insoluble materials 
such as sand and magnetite. As long as properly 
_—— such a fluid paste of sand behaves like a liquid 
of a density reaching 1-75, in which icles of lesser 
density, no matter of what size, would float. Experi- 
menting on these lines, Thomas M. Chance, of Washington 
D.C. (Bulletin of the American Institute of Mining 
Engineers, February, 1918), finds that the agitation can 
be produced in various ways, by the aid oft paddies or 
rotating cones or dises, as weil as by forcing water under 
pressure into the mixture of sand and water. The 





amount of heat and the theoretical maximum tempera- 
tures are not reached. For coils wound with wire or 
thin strip the rise may not be more than half the theore- 
tical figure. On average underground cables the dis- 
oer would be something more like 10 per cent. 
Using this latter margin we get the following round 
figures for temperature rises :— 


Density. Rate of Temperature Rise. 
10,000 per sq. in. 1} degrees C. per second. 
100,000 . 25° es 


200,000 » 500 


” ” 


The effect of these figures in practice will be seen by 
an examination of the round ign 


res in the following 


pparatus which he describes is & vertical box, 6 in. by 
8 in., 20 in. high, which is provided with a false bottom ; 
in this bottom 48 holes of ,4 in. diameter are spaced 
lin. apart. Water is introduced under a head into the 
8 between the rer hype and the base of the box ; 
the head is regula y raising or lowering the tank, 
which a hose connects with the box. The’ vity is 
kept at 1-4; coal lumps are dropped into the : the 
good coal floats and is carried away with the overflow 
the bony and A pg coal sinks. This heavy material 
can be retrea in a fluid of density 1-6, eg. From 
3 gallons to 10 gallons of water were ired under 


THE USE OF TAR OIL FUEL IN DIESEL 
ENGINES. 


AT a meeting of the Diese] Engine Users’ Association, 
19, Cadogan-gardens, London, 8.W. 3, held on Thursday, 
March 21, Mr. J. E. Edgecombe read some notes on tar 
oi] running with a four-cycle horizontal Diesel engine 
at Kingston-upon-Thames. The engine is a four-cycle, 
four-cylinder horizontal, of 400 brake horse-power, 
100 brake horse-power per cylinder; driving a 20-ton 
flywheel-t alternator, with an output of 270 kw. 
at 2,100 volts, single-phase, 77 cycles, 0-8 power factor. 
It was manufactured by the M.A.N. Company, of Nurn- 
burg, and the alternator by Siemens Brothers Dynamo 
Works, Stafford. 

The engine was originally fitted with pilot ignition 
pumps, one main and one pilot ignition pump for each 
cylinder. It was not, therefore, necessary to make any 
special alterations, and in fact the exhaust valves had 
not been taken out since December 17, 1917, and between 
that date and the change over to tar oil the engine had 
run 915 hours. The engine had had a run on tar oil of 
546 hours, less sto) s of 13 hours, making a net 
running time of 533 hours, during which time the units 
generated were 51,193. The average working was at 
about half of full load. Crude petroleum was used 
mostly for ignition oil, but during a portion of the run 
kerosene was used for this purpose with satistactory 
results. On each of the occasions when the engine was 
shut down as above the flame plates and verisers 
were examined and found to be perfectly clean and in 
good condition. 

Mr. P. A. Holliday described a method of burning 
tar oil which his firm, Belliss and Morcom, had patented 
and adopted. From the observations of early experi- 
ments it was concluded that considerable advantage 
would be gained if means were afforded further to assist 
the propagation of the flame other than by the heat 
derived from the compressed air in the cylinder. The 
chilling effect of the “blast” expansion was also more 
acutely felt when running on tar oi] than with other 
fuels, owing to the slow burning properties of the former. 
It was therefore decided to make the experiment of 
pre-admitting a small portion of the charge during the 
compression stroke, which would thereby augment the 
heat of compression, and wey the remaining 
fuel to the needle valve seat so that upon reopening 
the valve the “blast”? would have a less detrimental 
effect. The result of this experiment exceeded their 
highest hopes ; the engine ran very steadily at no-load 
for some time with no misfires, and the exhaust was 
invisible. 

A trial was then run over the whole range of loads 
from 0 per cent. to 10 per cent. over normal full-load 
rating. The cylinder compression was indicated with 
the engine hot by shutting off the fue] and blast, and this 
was found to be 495 lb. per square inch or 35 atmospheres. 
Starting up on 

petroleum 
(cold engine)... 6401b. blast 4601b. per <q. in. max. pres. 
51 


0 load tar oil 650 ” ” 0 ” ” ” 
load ” 700 ” ” 530 ” .” ” 
; load _s,, 7O,» » SO w» os i 
load ” 820 ” ” 570 ” ” ” 
ll load 2” 900 ” ” 600 ” ” ” 
Overload ” 940 ” ” 640 ” ” ” 


Under this fuel-valve setting the engine was liable to 
miss occasionally in the region of no load 

Although Mr. Holliday did not wish to defend the high 
maximum pressures, they were not unusual in at least 
two other types of engines with which he was acquainted. 
In solid injection engines 600 lb. per square inch was quite 
usual. The as now fitted to a four-cylinder 220 brake 
helabaewer Senet engine of their build which is running 
regularly on their shop load was described as follows :— 

Two fuel cam noses are fitted side by side, one for 
giving the valve “ pilot injection ” and the other being 
the main admission cam. Two independent rollers are 
fitted into the fuel valve ers levers, the one 
engaging with the main cam being mounted on a con- 
centric pin, whilst the other is mounted on an eccentric 
portion of the same pin. These pins are linked up to a 
main shaft connected to the governor so that the 
clearance between the pilot cam and its roller varies 
according to the load on the engine ; thus for full load 
it has ths maximum and for no load the minimum 
clearance. By this arrangement the fuel-valve opening 
by the pilot cam is earliest on light load tg 
becomes later until maximum load is reached. It is, 
therefore, ible to work with a good advance for no 
load, and all the maximum pressures are reasonable. 

Mr. G. B. Vickers stated that Messrs. Hick, Hargreaves 
and Co., Limited, had carried out experiments with the 
sleeve-type pulveriser and sharp-edge flame plates, and 
on an experimental engine of 240 brake horse-power they 
found they could run with a perfectly clear exhaust 
from one-third of full load to 10 per cent. overload. 
They had not yet been able to get below this one-third 
load, but hoped to do so very shortly. His firm were 
pinning their faith on obtaining the best possible 
atomisation of the fuel, and, if this was attain. d, they 
had every confidence in engines running on tar o.!, even 
down to no load. 





ABSORPTION AND PHOSPHORESCENCE. ERRATUM.— 
In the fifth line from the bottom of our Note on page 434 
of last wesk’s issue the word “. But” should be 

laced by “, that.” The Jast lines should thus read : 





a low head with sand of 80-mesh per square foot of 
superficial area, and the use of mechanical agitation 
would reduce that bulk of water. How the method 





table, giving 


the maximum permissible k.v.a. in a 





would work remains to be seen; but there may be 
something in this new system of flotation. 


the considerations conform with his view, that there are 
elect: etic fields of force in the atoms which are 
on combination and opened up in stages by 





the absorption of light and the action of solvents, and 
that reactivity depends upon these force fields. 
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“*ENGINEERING ” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPEOIFIOATIONS UNDER THE ACT OF 1907. 


Sty canbe of cies eae G Ge Geaiies este tees 
in each case; where none is mentioned the Specification 


Os ae pest, the Names, éc. 
le es ia italics. 
ma map be obtained at the Patent Office, Sales 
b Buildings, Chancery-lane, W.C., 
the uniform price of 
The date of the advertisement of the acceptance of a Complete 
is, in each case, given after the abstract, unless the 
‘atent has been sealed, naa Ra ai * Sealed” is 


A oan ae Se oes time within two monthe from the dete of 
advertisement o, of a Complete Specification, 
give notice at the bes Opes opposition to the grant of a 
Patent on any grou noctoned te the Act. 
AERONAUTICS, 

112,688. A. J. Liversedge, Westminster, London. 

craft. (2 Figs.) February iz, 1917.—This ‘invention 

to struts or other — of aircraft framework of the | 

composed of tubes having hollow metal attachments 


stream-line formation internally _———— at intervals ee ae 
their length. The invention particular construction 
of such struts and consists of a cylindrical Fiabe 1, a hollow metal 


of. 











bie 6ee) 


member 2 of stream-line form welded or otherwise ng | 
secured to the tube, internal supporting blocks 4 disposed at 
intervals throughout the lengths of the hollow metal member 
and external binding strips 5 surrounding the structure as a whole, 
these external binding strips being disposed at itions other 
—_ 7 at which the internal supporting blocks are located. 
¢ ed. 


AGRICULTURAL APPLIANCES. 


112,674. A. Wyles, Junior, and Wyles Motor Ploughs, 
Limited, Manchester. Motor-Driven Agricultural Im 
ments. (2 Figs.) January 22, 1917.—This invention relates 
to motor-driven agricultural implements of the double-ended 
balanced variety, that is to say, in which the ploughs are disposed 
at both sides of the axis of the running wheels to permit of 
ploughing the land all one way, one set of ploughs at one side 
of the axis throwing the soil in one direction and the other set 
at the other side of the axis and in use on the return journey by 
the tilting of the frame, throwing the soil in the opposite direction. 
a designates the main frame of the plough casting the engine b, 
radiator c, steering hand wheels d and drivers’ seats e, this frame 
being capable of being slightly tilted to one or other side of 
the axis of the running wheels /, which are driven from the engine 
and one of said wheels being s own as mounted on a radial arm i, 






w oS Basi 
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so that it may be adjusted as to i a in relation to the other 
and to the frame as by a screw spi co-operating with the 
free end of said arm and operable by a handle in order that one 
wheel may run in the furrow whilst the other runs on top of the 
land. The hs, of which two sets J, 2, are shown, one set 
at each side of the running wheels, are so arranged that each set 
is carried by a separate beam m, m1 respectively fulcrummed at 
their outer ends to the main frame a and free to be raised or 
lowered at their inner ~ 4h, _— pivoted in the forked ends of 
a double-armed beam toa —— ent not shown), 
and having its dtorensha forked forked ends h brackets 
qy depending from the main noeea a. At the ¢ right-hand side 

$ ies 1 the beam m1 is shown in full lines in its lowered tion 
with the —— in operative position, and in broken lines in its 
raised ition, its inner ends 3g always in engagement with 
the guiding bracket gl. (Sealed.) 


ELECTRICAL APPARATUS. 
112,475. Submersible and J—L Motors, Limited, 
and C. W. Durnford, 


West Ealing. Electric Motors. 
(9 Figs.) October 10, 1916.—This invention relates to electric 
motors of the kind adapted to be operated submerged in water, 
and in which water is or can be admitted to the interior of the 
motor. According to one feature of this invention, a motor is 
80 constructed that water can be circulated around the outside 
of the stator through the between the stator and rotor and 


casing 1. Plates 14 and 15 fit into shoulders on the two ribs 
12 and 13, respectively, and clamp between them the iron 
stampings 16 of the stator. The uctors 18 of the stator 
through slots in the stator. For the purpose of 
water through the motor casing an inlet is provided at 19 and = 
outlet at 20; between the ribs 12 and 13 longitudinal ribs 
extend, these ribs being cut away to allow water to pass — 
rough. Water entering bees the inlet 19 falls over the 
ends of the stator windings 18 and passes through an opening 29 











(112, 478.8.) 


in the rib 18. The water then passes upwards on both sides of 
the motor through the chambers formed by the outside of the 
stator laminations 16, the casing 1 and the ribs 12, 13, and 27. 
The open in the ribs 27 being at opposite ends of adjacent 
ribs, the water follows a zig-zag course until it reaches the top of 
the motor, when it flows through the opening 30 in the rib 12, 
and leaves by the outlet 20. The water also flows through the 
gap between the stator and rotor and through the stator slots. 
(Accepted January 23, 1918.) 


112,602. Submersible and J —L Motors, Limited, 
Southall, and C. W. Durnford, West Ealing. [Electric 
Motors. (2 Figs.) October 10, i916. —This invention relates 
to submersible electric motors. According to this invention, 
the stator windings and the —_ — ~ A. lengths of 
conductors. The motor, a Fede he casing of which is shown 
at 1, may be of the three-p AS current type, and of 
the kind described in the Specification of Patent Application 
No. 112,475. The leads 2, 2, form continuous lengths of 
conductors with the stator windings, there being no joint to the 
stator windings. The conductors 2, 2, 2, are led out of the 
motor for a considerable length (say 50 ft.) through a gland 3 
in the casing 1. Each of the three conductors 2, 2, 2, is bound 





112,602) 4 


insulatin, 


The whole 

vulcanising tape 5, and vul to form a three-core cable. 

This cable is covered throughout its len, 

The lower end of this tube is split and 

piece of the . Another short 

slipped over the mouthpiece and the 

and bindings of strong oon are applied 

washers ry any suitable uleting mate 

and by ti Ee ta geo 
and expand ti ble and below the washers, thereby 

ensuring a tight fit for the cable in Ss . Any ull ap) 
to the cable outside the = poten be lore not itted 
anuary 23, 1918). 


to the motor windings 

112,580. G. Pailin and F . Pailin and Co., 
Limited, Higher iw, : Electric Switch- 
boards. (5 Figs.) June 13, 1917.—This invention relates to 
truck-type switchboards. The invention comprises the com- 
Sonty rete, having apertares ie, in font of ue ec 
supply ter 8, ha’ ‘or passage 
oft e complemental terminals carried - 4 the 
shutter connected to one or more os Gapee le 
upon by a part or parts on the truck, so that said 
apertures are automatically and closed 
on the insertion and withdrawal of the truck. The 
a, b, of the incoming and outgoing current are 
rear portion of the cubicle, the a sets being 
ments. In ay te wed of > 


material and cut to fit the 5 between the cables, 


h with a canvas tube 6. 
rought over the mouth- 
jece of canvas tube 7 is 





the slots in be vero stator are The 
motor comprises a cy! easing 1 closed b end plates 2 
and 3. Mounted in bea: in the end g is the rotor. 
Two parallel ribs 12 and 13 extend around the inside of the 


thro the partition so that the complemental can 
tl on the m wal of the d. 
The shutter A for the automatic and of the afore- 
said apertures f, g, consists of a plate t 


artition wm Shay naies two apertures corresponding with mig 
the When the enaiter is in its upper position, i 


a eaniat plate uncovers the re 

is ¢ can thus pass through the 
fixed terminals a, d, at the rear of the cubicle, 
shutter A is in the lower position, the apertures f, g, are closed 
thereby, so preventing access to the fixed terminals. The 


Fig.2. 


























\ 


shutter A is automatically operated by the movement of the 
truck d, and such operation is obtained by a lever & pivoted 
papa he the ee and connected with the shutter A. The lever 
a roller mounted on the truck d, the lever & being 

arranged so that the shutter A is raised to the 


= 5 apertares 0 when the truck has been pushed nearly 
within the +). le, and in like manner to ensure that the 








cubicle, 





with a layer of vulcanising tape and strips of any ‘suitable plastic 


cable where it passes through the gland is bound with | The 
canised 


t-mentioned canvas tube | plane 





apertures (Seales, rs before the truck is fully withdrawn from the 


MINING, METALLURGY AND METAL-WORKING. 


112 . W. Gilbertson and Co., Limited, E. Griffiths, 
heey ~ Pontardawe. Manufacture of Tin Plates. 
April 2, 1917. —The invention relates to the 

machines, in an improved d for 

a the wipers for the rolls in which a two-armed 
lever is pivoted substan level of the axis of the roll 
to be wiped, the arm ve ay inclined in known 
manner at an 3 of approximately 45 d a4 the horizontal 
piano comeing the axis of the roll, and t 1a 
——— which is acted 


toa he ed 
able spring controlling me ~aan — — the Tubing nang 
le of 


oD ot rich 

rolls Be Be. Bs he — Core aa is alter 

rolls e jecting upwards ; 
he gree pot and Fe, pase po ugh holes in the 


screw-threaded. b 1 
1, D2, and A through "holes int Se: a - 7h. of arms Fi, re. 


y at t 
the w 





of two-armed levers F1, Gl, and F2, G2, These levers are pivoted 
to the brackets Cl, C2; on spindles Hl, He, preferably —— 
at approximately the same level as the axes of the rolls Bl . 

arms Fi, F2, are vertical, or Seg yy vertical, and the 
arms Gi, Ge; which —_ = I2, are inclined downwards, 


so that the wi h parts of the rolls which are below 

the centres towards t the a acent sides of the pots, the wipers 

SP 5 <8 68 sate & aoe ee a, to the horizontal 
con’ e a 


adjacent to the rolls confor: 


the latter. In order that the Spee may with the rolls 
with a constant but adjustable pressure, _ , J2, are 

rovided on the bolts El, E2, and press the ar: 1, F2, towards 
the be shdes of the pot A under a which is usted by nuts. 


vocal W. J. Foster, Walsall. Biast 
a 17, 1917.—According to the invention, that 
cae hte to constitute the body and whose 
interior provi es, is formed thinner in 
Tnal metal 


the said web be 


so that the head we 
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boy girders ge ores at distances apart in a circle beneath 
t 


e baseplate. 


ers m are arranged a distance 
in any number in a circle, and at n and o the shank web of the T 


~~ 


CRM AW_AYy 


ox 
SAAANOONVHV INQ 
ROMWMOOW 

SM 
WAANAWNN 


FRM MMAMAN 


o 


is cut away, leaving the head web extendin 
m2, m5, for attachment to the body casing an 
(Accepted January 23, 1918.) 


112,361. Ch. M. Stein and Cie., Paris, France. Cast- 
Iron Mixers. (2 Figs.) March 9, 1917.—This invention 
relates to mixers for cast-iron and consists of several curved 
rockers uniformly distributed along the lower part of the furnace 
or mixer and resting freely on rollers mounted on two shafts 
which are actuated by an electric motor, the rocking or oscillating 
motion of the mixer being obtained by reversing the direction 
of the current in the electric motor, the drive being effected by 
mere adhesion against the rollers supporting the apparatus. 


beyond the ends 
the hearth casing. 

















The lower of the bod 


of the mixer 1 comprises curved 
, 4 and 5, place 


rockers 2, at intervals, resting on rollers 6, 7, 

8 and 9, mounted on shafts 10 and 101, —— by bearings 

fixed to the masonry. The shafts 10 and 101 are driven by 

toothed wheels 11 and 111, receiving their motion from two 

motors 12 and 121 through the medium of toothed wheels and 

—_. The same arrangement is applicable to oscillating or 
ting furnaces. (Sealed.) 


MOTOR ROAD VEHICLES. 


112,244. M. N. Knudson, Hollister, Idaho, U.S.A. 
Shock Absorbers. (4 Figs.) July 24, 1917.—This invention 
relates to a shock absorber for automobiles. The absorber 
comprises a casing 7, to which the cylinder 8 is secured. 17 isa 
piston located in the cylinder 8 and provided with ports 19, 
controlled by a valve plate. This piston is carried by a rod 20 
with a ball-shaped head 24, which is adapted to engage with 


Fig.1. 

















/\ararntinny intr < 


the socket 25 on the chassis 1. The bottom of the casing is 
provided with a similar-shaped head 26 which e with the 
socket 27 on the bracket 5. 28 is a port in the eylinder above 
the piston, and is regulated by means of a screw plug 29. The 
gg OY filled up to the level shown with a light oil, which also 
fills cylinder. When the car strikes a rough place in ti 
toad, the piston is lowered so that the oil passes from the low 


door movable in the vertical guides } in the door frame. 


part of the cylinder through the piston ports into the upper part 

of the cylinder, and then on the rebound of the spring the piston 

moves upwardly, which causes the valve plate to p Be so that 

the oil above the piston offers a resistance to the movement 

thereof, as said oil flowing passes through the port 28. Thus 

= violent return movement of the spring is prevented. 
ealed.) 


: RAILWAYS AND TRAMWAYS. 


112,549. S. T. Gresham, Hitchin, and J. M. Gresham, 
Knutsford (Executors of F. J. Gresham, di ‘ . 
Kiernan, Salford. Brake im. (10 Figs.) March 22, 
1917.—This invention relates to brake mechanism for railway 
vehicles. The invention comprises essentially the combination 
with a cylinder communicating at one end with the train pi 
and at the other end with a reservoir for containing air under 
pressure obtained from said train pipe, and a piston in said 
cylinder actuated by the difference of pressure in the train pipe 
and reservoir, of a steam valve act through an arm or lever 
from the piston aforesaid, the said steam valve being held on its 
seat by the steam pressure and being opened by a plunger-like 
part having a portion which, when the steam valve is closed, 
opens communication between the steam brake cylinder and 
exhaust, and when the said steam valve is iy closes said 
communication. The air-pressure cylinder a rts b, ¢, 
at its opposite ends communicating respectively with the train 
pipe and with a compressed air reservoir, the cylinder having an 
axial groove or slot d therein so that when the piston ¢e approaches 
the end of its traverse under the action of the pressure in the 
train pipe, communication is established between the train pi 
and A reservoir, whereby the supply of compressed air in the 


latter is replenished. The piston rod f, which is preferably of 


small cross-sectional area so as to reduce leakage therearound, 
actuates an arm or lever g, which in turn actuates the steam 
valve A supplying steam to the steam brake cylinder. The said 


valve h is held on its seat by the steam pressure, and is moved 
therefrom by a 
adapted, when the steam valve A is open, to cut off communica- 
tion between the conduit & leading to the steam-brake cylinder 
and the port m leading to exhaust, and when the steam valve 
is closed, to open such communication. With the arrangement 
aforesaid, when the air — in the train pipe is reduced for 
the p of applying the air brakes, the pressure in the reservoir 
moves 
train-pipe end of the same. This piston then moves the arm g, 
which actuates the plunger i and the steam valve A, causing the 
opening of the latter and the application of the steam brakes. 

'o take off the brakes, the pressure in the train pipe is increased 
to the pressure in the reservoir, when the piston ¢ moves in a 
reverse direction, and the steam valve h is allowed to close under 
the steam pressure thereon. The steam from the steam-brake 
cylinder then — to the exhaust port-m. The pressure of the 
steam acting on the piston-like portion j of the plunger i, which 
opens the steam valve A, serves to partially balance the pressure 
in the air reservoir acting on the piston ¢ in the air-pressure 
cylinder a, so that the degree of application of the steam brake 
(due to the opening of the steam valve A) is regulated in accord- 
ance with the degree of application of the air brake, for if the 
steam pressure becomes sufficient to overbalance the effective 
air pressure tending to apply the brakes, the steam valve is 
closed and the steam-brake cylinder placed in communication 
with exhaust. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES, 
112,4%. J. Stone and Co., Limited, Deptford, and 
G. H. Reed, Brockley. Bulkhead Doors. (8 Figs.) 
January 6, 1917.—According to this invention, the transi n 
of the door movement to the footplate is effected by toothed 


Hig. 1. 















































ing operated by the sliding door during a predetermined 
ravel of the door in one direction. a@ is a vertically-sliding 


Usually 











he | the bot 


tom bar or sill d of a ship’s bulkhead door framing is 


above the plane of the floor, and the latter is formed with in- 


lunger-like part i, having a piston-like portion j 


he piston ¢ in the air-pressure cylinder a towards the | 


clines ¢ to facilitate traffic through the doorway. As the 
b, d, is usually made of gunmetal to allow of easy running an 
accurate of the door, the bottom bar d is liable to become 
injured by ic through the doorway and the groove therein 
is liable to become obstructed or injured, consequently foot- 
plates f have been used for covering the bars d and closing the 
opening in the floor during such times as the door a is in the open 
position. The mec provided, according to these improve- 
ments for automatically operating the footplate f by the action 
of the door itself, comprises an arm g, the free end of which 
——- into the h of the door, as seen in . 3. The armg 
fixed to a spindle A, upon which is keyeda quadrant j, 
the latter meshing with a quadrant k keyed to the spindle /. 
The footplate f is mounted on the spindle J so as to turn 
therewith. The spindle 7 may be fitted with a weighted arm m, 
the action of which is to lower the footplate f to the position seen 
in Fig. 3, when the door is raised and consequently to raise the 
aturally, the weight of the footplate itself may be used 
it from the raised position seen in Fig. 2, seeing 
plate need not be raised into a vertical plane, or on a 
ead centre, when the door closes. ion, and assuming 
the parts to be in the Fig. 3, during the descent 
of the door a to the closed position, the lower edge of the door 
strikes the end of the arm g projecting into its path and depresses 
the arm g into the chainline position. The co uent quarter- 
turn of the spindle A and quadrant j is transmi to the quad- 
rant k and spindle 2, with the result that the footplate f is turned 
upwardly to the ition seen in dotted lines m, . 2, the 
ig 80 di ed that the footplate f is clear of the path of 
he door a before the door can strike the plate f. Upon raising 
the door, the footplate f is automatically returned to the position 
seen in Fig. 3, by one of the means above described, as soon as 
eos risen sufficiently to permit the arm g to move. 


arm g. 
for lowe 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


112,735. The Stirling Boiler Company, Limited, West- 
and D. B. Brearley, Barrow-in-Furness. Steam 
Generators. (2 Figs.) July 6, 1917.—This invention relates 
to an arrangement of means for cooling down boilers. As shown, 
the wall A of the boiler adjacent the mud drum B is formed with 
a passage C fitted with a damper D, said passage communicating 
at one end with the space E between the drum end and the usua} 
air seal plate F fitted to the outside wall of the boiler around the 
drum end and communicating at the other end with the outlet 
| flue G leading to the chimney at a point beyond the usual 
| damper H. To cool the boiler, after is it blown down, the air 
| Seal plate F is removed, the manhole cover in the mud drum end 


g.7. 
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is knocked in, and the air seal plate F replaced, being then held 
in position by substituting for the manhole cover a temporary 
clamp I bridging the manhole and bolting the seal plate F thereto 
by means of a temporary tiebolt K. The usual damper H 
in the outlet flue is closed, and the damper D in the passage C 
is now opened by means of the handle L. The draught in the 
flue causes cold air to be drawn into the boiler and to circulate 
through the drums and tubes and to pass off through the mud 
drum B to the outlet flue in the direction indicated by the arrows, 
thereby rapidly cooling the boiler. In certain ers air seals 
are not fitted to the outside walls round the mud drums ends, 
and in such cases a temporary air seal plate is required. (Sealed). 





RADIOTELEGRAPHIC STATION AT KARLSBORG, SWEDEN. 
—The radiotelegraphic station recently erected at 
Karlsborg will, with its range of 5,000 km., rank with 
the largest installations of its kind. Karlsborg is a 
comparatively modern fortified town, barely a century 
old, situated in the southern part of Sweden, on the 
Vanis rocks of the western shore of Lake Wetter, about 
half-way between Stockholm and Gétheborg, on the 
main railway line. The two masts, 210 m. high, weigh 
only 25 tons each, which is a very small weight. They 
rest on insulating blocks of a fine-grained black granite 
which is impregnated with paraffin ; further to improve 
the insulation the masts are built up of five insulated 
sections. The antenna is formed by 60 wires of phosphor- 
bronze, 450 m. long, which are suspended between a pair 
of six-armed devices. Spiral springs and insulators are 
inserted in the end connections, the former to protect 
the wires in storms and when loaded with snow. / 
network of “earth-balance ’’ wires is stretched over the 
95 hectares of rocky ground, 5 m. above it, to facilitate 
the tuning of the system; the wire is also phosphor- 
bronze, 1 mm.in diameter ; there is no earth connection. 
Current is obtained at 15,000 cycles from the Trollhattan 
hydro-electric power station ; steam power is provided 
on the site as areserve. The engineers chiefly connected 
with the work are Mr. R. Rendahl and Professor Kar! 
Ljungberg; the latter designed the antenne masts, 
which were built on the site and erected in the finished 
condition, a very noteworthy piece of engineering. A 
smaller plant has also been provided at risborg for 
the local radiotelegraphic traffic. 








